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I. Preliminary Remarks and Amendments 

Applicants thank Examiner Prema Mertz for her time in discussing this 
application and the pending Office Action on January 16, 2007 with William Merkel and 
Lynn Janulis, agents for Applicants. 

Claims 1, 4-8, 10, 51-55, 70, 72, and 73 are currently pending and are under 
examination in the present application. Claim 73 is cancelled herein. New claims 74-75 
have been added. Support for new claim 74 is found throughout the specification, including 
at page 75, lines 18-23, and page 114, lines 5-16. Support for new claim 75 is found 
throughout the specification, including at page 105, line 34, through page 106, line 5; and at 
page 107, lines 6-11. Accordingly, the amendments do not include new matter. 

Applicants do not intend, with these or any other amendments, to abandon the 
subject matter of claims previously presented, and reserve the right to pursue such subject 
matter in duly filed continuing patent applications. 

II. Patentability Arguments 

A. The Rejection of Claims 1, 4-8, 10, 51-55, 70, 72, and 73 under 35 U.S.C. § 101 
May Properly Be Withdrawn. 

The Examiner rejected claims 1, 4-8, 10, 51-55, 70, 72, and 73 under 35 
U.S.C. § 101 as assertedly not being supported by either a specific and substantial utility or a 
well-established utility. Office Action at pages 2-7. In response, Applicants respectfully 
traverse. 

In the Office Action, the Examiner supported the rejection by asserting that 
the identification of agp-96614-al (the nucleotide sequence set forth in SEQ ID NO: 1) in 
human testis, although indeed novel and unobvious, is not patentable because the product 
does not fulfill the utility requirement for patentability. The Examiner asserted that one of 
skill in the art would not recognize a specific and substantial biological role for a novel testis- 
specific protein, which is preferentially expressed in testis cells, without a well-established or 
disclosed correlation or relationship between the claimed polypeptide and a disease or 
disorder. See Office Action at pages 2-3. The Examiner further argued that one needs to 
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know if the claimed polynucleotide is present exclusively in cancer tissue or is overexpressed 
in diseased tissue compared to normal tissue. Id. at pages 3-4. The Examiner also took the 
position that PSA is useful in the diagnostics and monitoring of treatment of prostatic disease 
because PSA is exclusive to the prostate, and there is no exclusive or organ-specific 
expression of the claimed nucleic acid. Id. at pages 4-5. Moreover, the Examiner has taken 
the position that Applicants are arguing exclusive and tissue-specific expression in the testis 
when the specification says otherwise. Id. at pages 5-6. The Examiner also asserted that 
there is no disclosure for the use of the claimed subject matter as a tissue-specific marker in 
the application as filed. Id. at page 6. The Examiner concluded by stating that because the 
utility of the claimed nucleic acid is not asserted in the specification, and because it is not 
specific or substantial, one of skill would have to conduct further experiments to determine 
the particular biological functions of the claimed nucleic acid. Id. at pages 6-7. Applicants 
address each of the Examiner's arguments in the following remarks. 

To satisfy the requirements of 35 U.S.C. § 101, an applicant must claim an 
invention that is statutory subject matter and must show that the claimed invention is "useful" 
for some purpose either explicitly or implicitly." M.P.E.P. § 2107.01 (emphasis added). 
Furthermore, an invention has a well-established utility if (i) a person of ordinary skill in the 
art would immediately appreciate why the invention is useful based on the characteristics of 
the invention (e.g., properties or applications of a product or process), and (ii) the utility is 
specific, substantial, and credible. M.P.E.P. § 2107.01 (emphasis added). If an invention has 
a well-established utility, rejections under 35 U.S.C. § 101 and 35 U.S.C. § 112, first 
paragraph, based on lack of utility should not be imposed. In re Folkers, 344 F.2d 970 
(CCPA 1965). M.P.E.P § 2107.02 further provides an example that if an application teaches 
the cloning and characterization of the nucleotide sequence of a well-known protein, such as 
insulin, and those skilled in the art at the time of filing knew that insulin had a well- 
established use, it would be improper to reject the claimed invention as lacking utility solely 
because of the omitted statement of specific and substantial utility. 

In response to the Examiner's assertion that one of skill in the art would not 
recognize a specific and substantial biological role for a novel testis-specific protein, which is 
preferentially expressed in testis cells, without a well-established or disclosed correlation or 
relationship between the claimed polypeptide and a disease or disorder, Applicants 
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respectfully disagree. A person having ordinary skill in the art would have recognized a 
specific and substantial biological role for a novel testis-specific protein. As Applicants have 
previously established, a testis-specific protein is useful as a tissue-specific marker for 
detecting testis cells which have moved outside of the testis, either as a micrometastatic 
deposit of cells into the lymph nodes or bone marrow, or as a secretion into the bloodstream 
to indicate the presence of an abnormal condition of the testis, such as metastasized testicular 
cancer. Tissue-specific markers are not specifically related to cancer necessarily, but 
elevated levels of a tissue-specific mRNA or protein are useful for identifying a specific 
tissue as being at fault or suspect. For example, as provided previously, prostate-specific 
antigen (PSA) is a protein which is preferentially expressed in the prostate and has proven to 
be a very useful human tissue-specific marker for detecting prostate abnormalities, either as 
an indicator of prostate cells which have moved outside of the prostate as a tumor (i.e., 
metastatic prostate cancer) or as an elevated level of PSA in the bloodstream, which can 
indicate the presence of prostate cancer or benign prostatic hyperplasia (Mulders et al., Eur. 
J. Surg. Oncol 16:37-41, 1990 (already of record)). Moreover, PSA, like the protein 
encoded by the claimed nucleic acid, is not exclusively expressed in one tissue. PSA, 
although expressed predominantly in the prostate, has been found to be expressed in other 
organs (Ishikawa, Jpn. J. Clin. Oncol 28:723-728, 1998; Bodey et al., Anticancer Res. 
17:2343-2346, 1997; Bodey et al., Anticancer Res. 17:2577-2582, 1997; see Exhibit A). 
Thus, PSA is analogous to the instant situation where predominant expression is found in the 
testis by Northern blot analysis, but expression in other tissues (e.g., pancreas and two cancer 
cell lines) was found by RT-PCR. It is well-known in the art that multiple markers are often 
used in the diagnosis of disease (Kuriyama et al., JNCI 68:99-105, 1982; see Exhibit A). 

In response to the Examiner's assertion that one needs to know if the claimed 
polynucleotide is present exclusively in cancer tissue or is overexpressed in diseased tissue 
compared to normal tissue, Applicants respectfully disagree. Applicants respectfully submit 
that differential expression does not need to be shown to establish the utility of agp-96614-al 
as a marker for testicular cells. A tissue-specific marker is useful in simply signaling that the 
testicular cell or protein is being disseminated outside of the testis. The marker's usefulness 
is not solely based on differential expression or exclusive expression in cancer tissue. In fact, 
Applicants' assertion of utility of agp-96614-al as a marker for disseminated testicular cells is 
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not dependent on a differential level of expression of agp-96614-al in cancerous versus 
healthy cells of the testis. The marker, agp-96614-al, is useful for its ability to identify a 
testicular cell. Identification of testicular cells in a body location other than in the testis 
would be recognized by one of ordinary skill in the art as the identification of a cancerous 
testicular cell that had metastasized. Accordingly, the asserted utility does not require a 
detectable difference in expression in cancerous versus healthy testicular cells and there is, 
therefore, no need for comparative studies of cancerous and healthy testicular cells to support 
that utility. 

Further, in response to the Examiner's position that PSA is useful in the 
diagnostics and monitoring of treatment of prostatic disease because PSA is exclusive to the 
prostate, and there is no exclusive or organ-specific expression of the claimed nucleic acid, 
Applicants again disagree. As set out above, PSA is not exclusive to the prostate. PSA is 
predominantly expressed in the prostate, but it is also found to be present in the pancreas and 
in various cancer cell lines (as is the case with agp-96614-al in the present invention) 
(Ishikawa, supra; Bodey et al., supra). Thus, agp-96614-al, like PSA, is useful for the 
purpose of identifying a cell from the testis, and the expression of the protein need not be 
exclusive to only one tissue in order to be useful. 

In response to the Examiner's position that Applicants are arguing exclusive 
and tissue-specific expression in the testis when the specification says otherwise, the 
Applicants respectfully disagree. Applicants have argued that the predominant expression of 
the claimed nucleic acid in human testis provides a distinguishably detectable level of 
expression in testis regardless of any expression in pancreas or carcinoma cell lines. 
Moreover, Applicants submit that the expression found in pancreas and in carcinoma cell 
lines was determined using the more sensitive technique of RT-PCR. In contrast, the 
statement in the application that expression was predominantly found in human testis was 
based on Northern blot data. The two statements regarding expression are not inconsistent - 
there is a detectable level of expression in pancreas (and in two ex vivo cell lines), but the 
predominant expression is found in human testis. Thus, the Examiner's reliance on 
expression in pancreas and two cell lines to undermine the express disclosure of a 
predominant expression in human testis is misplaced. 
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In response to the Examiner's assertion that there is no disclosure for the use of 
the claimed subject matter as a tissue-specific marker in the application-as-filed, the 
Applicants respectfully disagree. The application-as-filed provided experimental evidence 
establishing an elevated level of expression of a novel human gene, agp-96614-al, 
(CD20/IgE receptor-like mRNA; SEQ ID NO: 1) in the human testis after performing 
Northern blot and RT-PCR analyses. See specification, Example 3 at page 112. The present 
application provides an alignment of the amino acid sequence of the polypeptide (SEQ ID 
NO: 2) encoded by this gene with other members in the CD20 family {see Figure 3). Thus, 
one of skill in the art would recognize that Applicants identified a novel testis-specific form 
of a CD20/IgE receptor- like molecule. The agp-96614-al protein is shown to be 200 amino 
acids, and other members of this family of proteins have been shown to contain four putative 
transmembrane regions, N- and C-terminal cytoplasmic domains, and three inter- 
transmembrane loop regions. In fact, three later publications identified the exact same 
molecule (i.e., agp-96614-al) as being a testis-expressed transmembrane 4 protein (Ishibashi 
et al., Gene 264:87-93, 2001; Liang et al., Genomics 72:119-127, 2001; Hulett et al., 
Biochem. Biophys. Res. Commun. 280:374-379, 2001; see Appendix C of the response filed 
January 15, 2003). Thus, the application disclosed the complete structures of a protein and 
encoding nucleic acid and showed preferentially elevated expression in testis cells. 

Moreover, the Patent Office's own Utility Guidelines (at page 7) provides that 
"well-established utility 1 ' is a specific, substantial, and credible utility which is well known, 
immediately apparent, or implied by the specification's disclosure of the properties of a 
material, alone or taken with the knowledge of one skilled in the art. Applicants submit that 
one skilled in the art would have readily recognized the utility of agp-96614-al as a testicular 
cell marker after reading the specification. At minimum, there is an implicit disclosure of the 
use of the claimed subject matter as a marker for testicular cell dissemination or metastasis, 
and such a disclosure is sufficient under 35 U.S.C. §101. As stated in M.P.E.P. §2107.03, "a 
reasonable correlation between the evidence and the asserted utility is sufficient to prove 
utility." Applicants submit that they have established this reasonable correlation (see, e.g., 
articles in scientific journals made of record and argument provided herein and in previous 
responses of record). 
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Last, the Examiner concluded that because the utility of the claimed nucleic 
acid is not asserted in the specification, and because it is not specific or substantial, one of 
skill would have to conduct further experiments to determine the particular biological 
functions of the claimed nucleic acid. Applicants respectfully maintain that this position is 
irrelevant to the issue of satisfying the requirements of 35 U.S.C. § 101. Regardless of the 
particular biological function of the claimed nucleic acid, Applicants maintain that the 
claimed nucleic acid is useful based upon its expression pattern. Because the claimed nucleic 
acid is predominantly expressed in the testis, it is useful as a marker for a testicular cell or a 
testis-specific protein that has spread to other parts of the body (i.e., spread beyond the testis). 
Like PSA, whose biological function in the prostate has yet to be elucidated, agp-96614-al is 
useful simply because of the diagnostic information revealed by its expression pattern in 
tissues of the human body. 

For all of the foregoing reasons, the Examiner has not established that the use 
of the claimed subject matter as a marker for testicular cells, especially for metastasized 
testicular cancer cells, is not specific or substantial or well established. Thus, the * 
specification provides a well established utility that is credible, substantial, and specific. 
Accordingly, the rejection of all pending claims under 35 U.S.C. § 101 for an asserted lack of 
utility should be withdrawn. 

B. The Rejection of Claims 1, 4-8, 10, 51-55, 70, 72, and 73 under 35 U.S.C. § 112, 
First Paragraph, May Properly Be Withdrawn. 

The Examiner also rejected claims 1, 4-8, 10, 51-55, 70, 72, and 73 under 35 
U.S.C. § 1 12, first paragraph, for lack of enablement based on the asserted lack of utility. See 
Office Action at page 7. The basis for the rejection is defective in relying on an asserted lack 
of patentable utility, as established above. For that reason, the rejection of claims 1, 4-8, 10, 
51-55, 70, 72, and 73 under 35 U.S.C. § 1 12, first paragraph, for lack of enablement, has been 
overcome and should be withdrawn. 
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C. The Rejection of Claim 73 under 35 U.S.C. § 112, Second Paragraph, May 
Properly Be Withdrawn. 

The Examiner rejected claim 73 under 35 U.S.C. § 1 12, second paragraph, for 
indefiniteness based on the asserted lack of clarity in the term M agp-96614" and for failing to 
recite that the nucleic acid is labeled. See Office Action at pages 7-8. The cancellation of 
claim 73 herein renders moot the rejection and it may properly be withdrawn. 

CONCLUSION 

In view of the preceding remarks, Applicants submit that claims 1, 4-8, 10, 51- 
55, 70, 72, and 74-75 are in condition for allowance. Expedited notification thereof is 
respectfully requested. 

Dated: March 23, 2007 
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Respectfully submitted, 




Lynn L.Wanulis 

Registration No.: 53,066 
MARSHALL, GERSTEIN & BORUN LLP 
233 S. Wacker Drive, Suite 6300 
Sears Tower 

Chicago, Illinois 60606-6357 

(312)474-6300 

Agent for Applicants 
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Expression of a-Fetoprotein and Prostate-specific Antigen Genes 
in Several Tissues and Detection of mRNAs in Normal Circulating 
Blood by Reverse Transcriptase-Polymerase Chain Reaction 

Tomoyoshi Ishikawa 1 , Hironobu Kashiwagi 1 , Yoko Iwakami 1 , Misako Hirai 1 , Tomonori Kawamura 1 , 
Yuji Aiyoshi 2 , Toru Yashiro 2 , Yoshihiro Ami 3 , Kazuhiko Uchida 1 and Masanao Miwa 1 

department of Biochemistry and Molecular Oncology, Institute of Basic Medical Sciences and Center for 
Tsukuba Advanced Research Alliance, department of Surgery, Institute of Clinical Medicine, University of 
Tsukuba and 3 Department of Urology, Tsukuba Gakuen Hospital, Tsukuba, Ibaraki, Japan 

Background: a-Fetoprotein (AFP) and prostate-specific antigen (PSA) in serum are widely used 
as tumor markers in the evaluation of prognosis and management of patients with hepatocellular 
carcinoma and prostate cancer, respectively. To establish the molecular diagnosis of cancer, 
reverse transcriptase polymerase chain reaction (RT-PCR) for AFP and PSA was used to identify 
circulating cancer cells in the blood of cancer patients. Here, we examined the tissue-specificity 
of AFP and PSA and tested whether AFP and PSA are suitable targets in the detection of certain 
cancer cells by RT-PCR using peripheral blood samples. 

Methods: Tissue specificity of AFP and PSA was analyzed by Northern blotting and RT-PCR. 
Probes for AFP and PSA were hybridized with poly A + RNAs from 50 human tissues. RT-PCR for 
AFP and PSA mRNA was performed using several cancerous tissues and normal tissues and 
peripheral blood cells from seven healthy volunteers. 

Results: Broad expression of AFP was observed in several tissues and a large amount of AFP 
mRNA was found in fetal liver. PSA was expressed in prostate, salivary gland, pancreas and 
uterus. By RT-PCR, AFP and PSA mRNA were detected in several tumors, including salivary 
pleomorphic adenoma, hilar bile duct carcinoma, pancreatic carcinoma, transitional cell 
carcinoma of urinary bladder and thyroid papillary carcinoma. Furthermore, AFP and PSA mRNAs 
were frequently detected by RT-PCR, even in peripheral blood cells from healthy volunteers. 
Conclusions: Neither AFP nor PSA showed tissue-specific expression. AFP and PSA mRNA were 
detected in several diseased and non-diseased tissues and normal circulating blood by RT-PCR. 

Key words: tissue-specific expression - a-fetoprotein - pmstate-specific antigen - reverse transcriptase 
polymerase chain reaction - molecular diagnosis 



INTRODUCTION 

In Japan, about 300 000 people die yearly of cancer, making this 
disease the leading cause of death in adults (1). Noninvasive and 
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highly sensitive diagnostic methods against cancer will undoubt- 
edly have a major impact on cancer diagnosis and therapy. 
a-Fetoprotein (AFP) and prostate-specific antigen (PSA) in 
serum are valuable biological markers for the diagnosis, progno- 
sis and management of patients with hepatocellular carcinoma 
(HCC) and prostate cancer, respectively (23). AFP is a serum 
protein mainly synthesized in mammalian fetal liver cells (4-8). 
PSA is a glycoprotein (9,10) up-regulated by androgenic 
hormones at the transcriptional level ( 1 1 ) and mainly produced in 
the prostate. RecenUy, the detection of circulating cancer cells by 
reverse transcriptase-polymerase chain reaction (RT-PCR) for the 
evaluation of post-operative prognosis, molecular staging of 
cancers (12) and diagnosis of micj-o-metastasis (13) has been 
reported. In these reports, tumor-specific mRNA has been 
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employed to detect circulating cancer cells in peripheral blood 
ceils of cancer patients. Detection of AFP and PSA niRNA by 
RT-PCR in peripheral blood has become one of the most useful 
molecular biomarkers (12,14-20) in cancer diagnosis. PCR is an 
extremely sensitive method to detect even small amounts of 
DN A/RNA sequences. Because of its high sensitivity, false-posi- 
tive results can possibly occur even if AFP and PSA mRNA are 
used as targets for RT-PCR. Recent studies have reported 
detection of PSA mRNA by RT-PCR in several cancers other than 
prostate cancer (2 1 -25). Expression of AFP in normal renal cells 
has also been detected (26). Low levels of PSA and AFP 
transcripts in peripheral blood from non-cancer patients can 
possibly affect the ability of RT-PCR to detect circulating cancer 
cells. Tissue specificity of gene expression of PSA and AFP is 
crucial in the establishment of cancer diagnosis by RT-PCR using 
peripheral blood. 

In this study, we analyzed the tissue specificity of AFP and PSA 
in 43 human adult and seven fetal tissues by Northern blotting and 
examined the expression of AFP and PSA by RT-PCR using 
several tumors and normal peripheral blood cells. 

MATERIALS AND METHODS 

Probes 

cDNA probes for AFP and PSA mRNAs were prepared by 
RT-PCR using total RNA from normal liver and prostate, 
respectively. The sequences of AFP primers were 5-GTT GCC 
A AC TCA GTG AGG AC-3 for the forward primer (AFP-F) and 
5-GAG CTT GGC ACA GAT CCT TA-3 for the reverse primer 
(AFP-R). The sequences of PSA primers were 5-CCC ACA CCC 
GCT CTA CGA TA-3 for the forward primer (PSA-F) and 
5-ACC TTC TGA GGG TGA ACT TGC G-3 for the reverse 
primer (PSA-R). The PCR products of AFP and PSA cDNAs are 
240 and 289 base pairs in length, respectively. The RT-PCR 
products of AFP and PSA were purified with a MERmaid Kit 
(BIO 101, Vista, CA) and subcloned into pCR 2.1 (Original TA 
Cloning Kit, Invitrogen, San Diego, CA). The resulting plasmids 
were digested by EcoRT and the inserts were electrophoreticaJly 
separated on a 0.8% agarose gel for purification. Human ubiquitin 
cDNA (CLONTECH, Palo Alto, CA) was used for standardiz- 
ation. The isolated DNA fragments were radiolabeled with 
[<x- 32 P]dCTP using a Multiprime DNA Labeling System (Amer- 
sham, UK). Plasmid inserts were sequenced by the dye primer 
method using a DNA Sequencing Kit with Dye Primer Cycle 
Sequencing Ready Reaction (Perkin-Elmer-Cetus, Foster City, 
CA) with an AB1 PRISM 310 Genetic Analyzer (Perkin-Elmer- 
Cetus). 

Northern Blotting 

Tissue specificity was analyzed by using a Human RNA Master 
Blotting (CLONTECH). Hybridization was performed according 
to the manufacturer's protocol. AmounLs of 20 ng of probes were 
labeled with [a- 32 P]dCTP and then added to a mixture of 25 jig 
of human Cot-1 DNA (G1BCO BRL, Rockville, MD). 125 \ig of 
sheared salmon testis DNA and 5 ml of ExpressHyb solution 



(CLONTECH). The blot was incubated at 65°C for 16 h. After 
washing four times with 2x SSC and 1% SDS at 65 °C for 20 min. 
two additional 20 nun washes were performed in O.Ix SSC and 
0.5% SDS at 65 °C. The damp blot was exposed on an Imaging 
Plate (FujiPhoto Film, Tokyo). Dots on the nutoradiograph were 
analyzed and quantified with a BAS 5000 imaging Analyzer 
(FujiPhoto Film). To determine the tissue specificity of the gene 
expression, the intensity percentage (% intensity) of each dot was 
calculated as follows according to the manufacturer's protocol. 
The raw data of the position of yeast transfer RNA on the blot 
(H2) was set as the background of the blot (data not shown in Figs 
1 and 2). Signal intensity values for each dot were divided by the 
product of the original mRNA amounts (ng) and the scan area 
(mm 2 ). The value thus obtained in certain tissues was divided by 
the sum of all obtained values of the blotting and shown as Wo 
intensity. The ratio of the expressed mRNA in each tissue was 
obtained from this calculation. 

RNA Preparation and RT-PCR 

Total RNA was extracted by the acid gnanidiniiun thiocyanate- 
phenol-chlorofonn extraction (AGPQ method (27) from the 
following tissues: normal liver, hilar bile duct carcinoma, prostate 
cancer, benign prostatic hypertrophy, normal prosrate, pancreatic 
carcinoma, normal pancreas, pleomorpluc adenoma of parotid 
gland, normal parotid gland, bladder cancer, thyroid papillary 
carcinoma and normal thyroid gland. Whole blood was subjected 
to a Ficcoll-Conray gradient. (IBL, Fujioka) and the nucleate cei is 
were collected. Total RNAs from 5 ml of peripheral whole blood 
of seven healthy volunteers were also extracted by the AGPC 
method. Total RNA was finally dissolved in diethylpyrocarbo- 
nate-treated water to a final concentration of 1 |ig/u.I. Prior to 
reverse transcription, the total RNA solution was heated at 70 °C 
for 10 nun and then immediately placed on ice for 5 min. cDNA 
was synthesized using a RNA PCR Core Kit (Perkin-Elmer- 
Cetus) from 1 |ig of total RNA in 20 (J I of reaction mixture 
containing IxPCR Buffer II, 1 mM dNTP,2.5 mMoligo-d(T) I6 , 
20 units of RNasin and 50 units of murine leukemia virus (MuLV) 
reverse transcriptase. Reverse transcription was carried out at 
42°C for 1 5 min. A 5 p_1 volume of the reaction mixture was used 
for PCR. PCR was carried out in 50 pJ of reaction mixture 
containing lx PCR Buffer IT containing AmpIiTaq Gold (Perkin- 
Elmer-Cetus) DNA polymerase. To obtain the most effective 
amplification by AmpIiTaq Gold DNA polymerase, the PCR 
cycle was increased up to 50 cycles according to the manufac- 
turer's protocol. PCR cycles for AFP and PSA were as follows: 
initial denaturation at 95 °C for 10 min, followed by 50 cycles of 
94°C for I min, 58 °C for 2 min, 72 °C for 3 min and final 
extension at 72°C for 7 min. RT-PCR of {3-acri// was used as an 
internal control as described (28). The sequences of $-actin 
primers are 5-AGA GAT GGC CAC GGC TGC TT-3 for the 
forward primer in exon 4 and 5-ATT TGC GGT GGA CGA TGG 
AG-3 for the reverse primer in exon 6. The PCR product is 406 
bp in length. After reverse transcription, amplification was 
performed with 0.2 U of AmpIiTaq DNA polymerase (Perkin- 
Elmer-Cetus) in 2.5 mM MgCl 2 , 10 mM Tris (pH 8.3), 50 mM 
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Figure J. Expression of AFP and />£4 genes in various tissues. 4/7* and PSA 
cDNAs were hybridized with poly A + RN As from 50 tissues. Hybridization of 
uhiquitin cDNA was performed for standardization . AFP was expressed in 
more than 30 types of tissue. A strong signal was observed in fetal liver. PSA 
was expressed mainly in prostate, salivary gland and pancreas. The type and 
position of poly A + RNAs on the blot arc as follows: Al, whole brain; A2, 
amygdala; A3, caudate nucleus; A4, cerebellum; A5, cerebral cortex; A6, 
frontal lobe; A7. hipocampus; A8. medulla oblongata; Bl, occipital lobe; 62, 
putajiien; B3» substantia nigra; B4, temporal lobe: B5. thalamus; B6, 
subthalamic nucleus; B7, spinal cord; CI , heart; C2, aorta; C3, skeletal muscle; 
C4 t colon; C5 t bladder; C6\ uterus; C7, prostate; C8. stomach; Dl, testis; D2, 
ovary; D3, pancreas; D4, pituitary gland; D5, adrenal gland; D6, thyroid gland; 
D7. salivary gland; D8, mammary gland; El, kidney: E2, liver; E3, small 
intestine; E4, spleen: E5, thymus; E6, peripheral lymphocytes; E7, lymph node; 
E8 t hone marrow; F| , appendix; F2, lung; F3, trachea; F4, placenta; Gl . fetal 
brain; G2, fetal heart; G3, fetal kidney; G4, fetal liver; G5, fetal spleen; G6, fetal 
thymus: and G7, feral lung. 
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Figure 2. Intensity percentage of AFP and PSA gene expression. Each bolt was 
analyzed using Phosphorimager and quantified with the BAS 5000 Imaging 
Analyzer. The % intensity for each tissue was calculated as described in 
Materials and Methods. Tissue samples are indicated in groups from A to G. 
From the left. Ai-8, Bl-7, CI-8, Dl-8, El-8, Fl-4 and Gl-7 are shown. 
Definitions as in Fig. 1. 



KC1, 0.01% gelatin (w/v), 0.25 mM of each dNTP and 5 pmol of 
each primer, by a precycle at 94°C for 3 min and subsequently 40 
cycles of 1 min at 94°C, 1 min at 60°C and 2 min at 72°C in a 
thermal cycler (Perkin-Elmer-Cetus). RT-PCR products of AFP, 
ASA and fraciin were separated electrophoretically on a 2.0% 
agarose gel and detected with ethidium bromide staining. 

RESULTS 

Tissue Specificity of AFP and PSA Gene Expression 

Fig. 1 shows the expression of AFP and FSA genes in 50 human 
tissues including fetal organs. The total quantity of mRNA in each 
dot ranges between 95 (E6; peripheral leukocytes) and 461 ng/dot 
(D3; pancreas). The AFP gene was highly, expressed in fetal liver. 
However, the broad expression pattern of the AFP gene was 
observed. Positive signals were found in several kinds of tissue, 
including peripheral leukocytes. AFP mRNA was also detected 
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Figure 3. Detection of AFP and PSA mRNA in various cancers by RT-PCR. AFP and PSA transcripts were 240 mid 289 bp, respectively. Lanw in each panel are as 
follows: I, normal liver; 2, hilar bile duct carcinoma: 3. prostatic cancer 4, benign prostatic hypertrophy; 5. normal prostate: 6, pancrearic carcinoma; 7„ normaJ 
pancreas; 8 f pleomorphic adenoma of parotid gland; 9, normal parotid gland: 10, bladder cancer. I J , thyroid pupillary carcinoma; 12, normal thyroid gland; 13. DNA 
from normal lymphocytes as a negative control; NTC. no template control; M, DNA marker (pBR322 Hinfi digest). 



in various kinds of fetal tissues. Fig. 2 shows the % intensity of 
expression of AFP and PSA genes to evaluate the tissue 
specificity of the gene expression. A high % intensity was 
observed for AFP mRNA in fetal liver (49.3%), fetal spleen 
(4.2%), bladder (2. 1 %), frontal lobe (1,9%) and thalamus (1.9%). 
Peripheral leukocytes showed expression of AFP at 1.64% 
intensity. Thus, AFP mRNA was detected in almost all tissues, 
including peripheral leukocytes, even at low levels. 

The PSA gene also showed broad expression patterns as shown 
in Figs 1 and 2. Strong signals were observed in prostate, salivary 
gland, pancreas and uterus. The % intensities of PSA were 
prostate 82.5%, salivary gland 2.9%, pancreas 1.7% and uterus 
1.0%. Signals for PSA were detected in almost all tissues, 
including peripheral leukocytes (0.4%). Small amounts of PSA 
mRNA were also found in various kinds of adult tissues. Fetal 
kidney was the only tissue where the signal for PSA mRNA was 
not detected. 

Detection of A FP and PSA mRNA by RT-PCR in 
Cancers and Normal Peripheral Blood 

We analyzed AFP and PSA expression in several cancer tissues 
to examine the cancer specificity of their expression. AFP mRNA 
was detected in normal liver, hilar bile duct carcinoma, prostate 
cancer, benign prostatic hypertrophy, normal prostate, pancreatic 
carcinoma, normal pancreas, pleomorphic adenoma of parotid 
gland, normal parotid gland, bladder cancer, thyroid papillary 
carcinoma and normal thyroid gland (Fig. 3). PSA mRNA was 
detected not only in prostate but also in nonnal liver, hilar bile 
duct carcinoma, pancreas carcinoma, normal pancreas, pleo- 
morphic adenoma of parotid gland, normal parotid gland, bladder 
cancer, thyroid papillary carcinoma and normal thyroid gland 
(Fig. 3). By RT-PCR, AFP mRNA was detected in peripheral 
blood from six out of seven healthy volunteers and PSA mRNA 
was also detected in five out of seven healthy volunteers (Fig. 4). 
$-actin mRNA as internal control was detected in all cases by 



RT-PCR. In some cases, contaminated genomic DNA was 
observed at about 432 bp in PCR [or PSA, whereas no band from 
genomic DNA was observed in PCR for AFP because of the large 
size (~ 1 600 bp) of the expected PCR product from genomic DNA 
and the small amount of contaminated genomic DNA. 

DISCUSSION 

We have found that various human tissues, including peripheral 
leukocytes, expressed the AFP and PSA genes. mRNAs for these 
genes were frequently detected in normal circulating blood. 
Northern blot analysis using poly A + RNAs from 50 human 
tissues including fetal organs revealed that both AFP and PSA 
expression were not tissue specific. Various tissues, including 
peripheral blood, showed positive spots on the blot. Furthermore, 
RT-PCR for AFP and PSA mRNAs indicated the presence of 
these mRNAs in nonnal peripheral blood cells. These data 
suggest a limitation of PCR-based methods with these weak 
rumor- or tissue-specific mRNAs as targets. Because of the very 
high sensitivity of PCR, low levels of these lumor-speci fie 
transcripts, as shown by Northern blotting (Figs J and 2), can be 
detected in peripheral blood cells from non-cancer patients and 
healthy volunteers. 

By quantification of the signals on the Northern blot, several 
tissues expressed AFP at about l/25th of the level of the fetal liver. 
By RT-PCR, we found AFP mRNA in cancers and benign tumors 
such as adenoma of parotid gland, bile duct cancer, pancreas 
cancer, bladder cancer and thyroid cancer. AFP gene expression 
in neonatal rat kidney has been reported (26). We also showed 
AFP expression in fetal kidney. 

PSA is believed to be expressed exclusively in prostatic 
epithelial cells. However, in the present study, expression of the 
PSA gene was observed not only in the prostate but also in various 
other tissues including pancreas, salivary gland and uterus as well 
as peripheral blood. However, the expression levels in these 
tissues, excluding prostate, were very low. The % intensity for 
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peripheral leukocytes was 0.4%, whereas prostate showed 82.5% 
intensity. Even at these low expression levels, we detected PSA 
uiRNA in normal tissues such as liver, pancreas, parotid gland 
and thyroid gland and also in several cancers by RT-PCR (Figs 3 
and 4). PSA mRNA was frequently detected in peripheral blood 
cells from healthy volunteers by RT-PCR. These data coincide 
with previous reports indicating expression of PSA in non-pros- 
tate cells including normal blood cells (29-32). Convincing 
evidence has been described for expression of PSA in normal 
tissues such as salivary gland (31), lung (33) and endometrium 
(34) and also in tumors such as lung cancer (23,35), bi-easi cancer 
(2 1 ), ovarian tumor (24) and other tumors (25). Recent RT-PCR 
studies suggested expression of the PSA gene in breast and lung 
cancers (21-23,35). 

The present study clearly showed the broad expression pattern 
of the AFP and PSA genes and no specificity for certain cancers. 
Detection of the circulating cancer ceils by RT-PCR for cancer- 
and/or tissue-specific mRNA using peripheral blood from 
patients would be a powerful and non-invasive diagnostic 
method. The reliability of this method is based on the balance of 
sensitivity in detection and specificity for cancer. Results for the 
detection of PSA and AFP in peripheral blood might be reliable 
if the sensitivity of detection is reduced. However, the possibility 
of false-positive results in die highly sensitive RT-PCR must be 
taken into consideration. The csiabhslunent of a molecular 
diagnostic system to detect circulating cancer cells using RT-PCR 
for more tumor- and tissue-specific mRNA would have an impact 
on clinical cancer research. 
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Abstract. Prostate-specific antigen (PSA), a 33 kD glycoprotein, 
was initially reported to be a tissue specific protein, detected in 
the sem'uial fluid and produced by normal and abnormal 
epithelial cells of the prostate gland, as well as other tissues in the 
human body. The expression of PSA has been desaibed to be 
elevated during benign and neoplastic cell growth in the prostate, 
arid in a number of other human maligrmncies. The presence 
and production of PSA in human primary cutaneous malignant 
melanomas (CMMs) and metastatic malignant melanomas 
. (MM Ms) has not been reported prior to the present smdy. We 
examined the expression of PSA employing a biotin-streptavidin 
based, alkaline phosphatase conjugated antigen detection 
technique in routine, neutral formalin fixed, paraffin-wax 
embedded, 3-4 pm tlxick tissue sections of 30 CMMs and 10 
MMMs. Human postnatal thymic tissue, among others, was used 
as a negative tissue control, while normal prostate and prostate 
carcinomas (PCs) were included in the collection of antigen 
positive tissues. We observed the presence of PSA in 16130 
CMMs and 6/10 MMMs. The intensity of the staining was 
moderate (C to B) and localized to between 20% and 30% of 
the total tumor cell population in both CMMs and MMMs, with 
cells of similar immunoreactivity being clustered in groups within 
the tumor microenvironment. This result directly contradicts the 
previous opinion concerning the prostate epithelium specificity of 
PSA expression and production. The immunophenotype (IP) 
heterogeneity of malignant melanoma cells is further sub- 
stantiated by the pattern of their PSA immunoreactivity. The 
establishment of the clinical significance of these findings 
necessitates further in vivo and in vitro research in malignant 
melanomas. PSA related? novel antineoplastic immunothempy 
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may also be recommended m the treatment of both CMMs and 
MMMs. 

Prostate-specific antigen (PSA). PSA has in recent years 
become established as an excellent serum marker for prostate 
cancer (1). The mature form of PSA is a 33 kD, 237-restdue 
glycoprotein (consisting of 93% amino' acids and 1% 
carbohydrates), produced by prostatic epithelial cells, breast 
epithelium and endometrium (2,3). PSA is a serine protease, 
and a member , of the kaiiikrein gene family, located on 
chromosome 19 (4,5). 

Elevated expression of PSA lias been reported in several 
non-prostate human tumors, including salivary gland 
neoplasms (6,7); breast cancer (8-10); established breast 
cancer cell lines (8); lung adenocarcinoma (11); parotid, liver, 
adrenal, kidney, colon tumors (3); ovarian carcinomas (3,12); 
Skene's paraurethral glands and ducts adenocarcinoma 
(13,14); and adenocarcinoma of the female urethra (15). The 
production of a 33 kDa protein similar to seminal PSA by 
30% of BCs (from 525 cytosols observed) has also been 
described (8). The ovarian metastases of BCs have also been 
observed to produce PSA. Of 99 primary ovarian cancers, 
only three were found to produce low amounts of PSA. 
Additionally, PSA expression was found to be associated with 
that of progesterone receptors (PRs), but not the presence of 
estrogen receptors (ERs). 

It is necessary to point out that most of these studies were 
carried out using various immunoassay techniques, excluding 
immunohistochemistry. A recent study of ours describing the 
detection of heterogeneous PSA immunoreactivity within the 
tumor microenvironment of human BCs (16), as well as the 
present report are two of just a handful of reports which 
employed sensitive immunohistochemical methods for 
establishing the expression of this antigen in non-prostate 
cancers. 

Neural crest origin and neoplastic transformation of 
melanocytes. During early human ontogenesis, following 
neural induction, the neural plate of the embryonic ectoderm 
folds at its lateral edges forming the neural groove. After the 
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fusion of the edges of the neural plate, the neural tube is 
formed which is lined by the neuroepithelium. The neural 
crest is a transient and migratory group of cells that emerge 
from the dorsal region of the neural tube and rapidly disperse 
along different pathways. Their migration terminates at many 
peripheral locations, where they coalesce to form the neurons 
and Schwann cells of the sensory and autonomic nervous 
systems, the chromaffn cells of the adrenal medulla, the 
mesenchymal tissues of the face and skull, and the 
melanocytes of the skin ( 17,18). 

During the last decade malignant melanoma, the deadliest 
of skin cancers, havS become a relatively common human 
cancer with 32,000 new cases registered in the United States 
in 1992. Moreover, the incidence of this type of cancer has 
risen more rapidly than that of any other (19,20). It is 
believed that malignant melanomas are derived from dopa- 
positive melanocytes of neuroectodermal origin (21). The 
precancerous stage of melanoma has been shown to be 
associated with the development of common acquired 
melanocyte naevi (CAMN) which are composed of 
cytogeneticaily normal melanocytes. The first sign of 
malignant transformation into a naevus is the development of 
architectural atypia. A naevus demonstrating both 
architectural and cytological atypia is defined as a skin lesion 
or dysplastic naevus (DN) (22-24). Dysplastic naevi may. 
undergo malignant transformation into primary malignant 
melanomas (PM), with two . stages of further tumor 
progression. During the radial growth phase (RGPh) the 
melanocyte lesions are capable of only invasion, but do not 
develop metastases (25). In the most malignant vertical 
growth phase (VGPh), de novo and in situ developed 
malignant melanoma cells acquire the greatest potential to 
disseminate. The presence of metastatic malignant melanoma 
(MMM) is the culmination of a complex, multistep tumor 
progression, defned by numerous, sequential molecular- 
genetic events (26,27). Advanced PMs and MMMs also 
acquire a multicytokine resistance to interleukin 1 (IL-1 ), 
tumor necrosis factor a (TNF-a), oncostatin M ; and IL-6, as 
well as a multigrowth factor independence (28-30). 

In view of the literature the specific aims of the present 
study were to: a) examine the usefulness of highly sensitive 
immunohistochemical techniques to detect the presence of 
PSA in human primary and metastasized malignant 
melanoma cells; b) determine the pattern of PSA 
immunoreactivity within the heterogenous tumor cell 
microenvironment employing a highly specific anti-PSA 
MoAB (Le. whether the immunoreactivity is homogeneous or 
localized to distinct cell clones of melanoma cells); and c) 
elaborate on the possible pathogenetic significance of PSA 
expression in malignant melanomas. 

Materials and Methods 

In this immunocytochemical screening we used exclusively formalin fixed 
(3 1).. paraffin embedded tissue sections of 30 primary cutaneous and 10 



metastatic melanomas. The melanoma cases were obtained following 
therapeutic surgery as formalin fixed, paraffin embedded histopathologic 
specimens from the Departments of Pathology at Saint John's Hospital 
and the University of California at Los Angeles Medical Centers. 
Paraffin-wax melanoma tissue sections (3 to 4 \xm thick) were cut 
employing a Rcichert microtome and mounted on precleaned standard 
histological slides. 

Antibody. During this immunocytochemical observation a recently 
developed, mouse anti-human monoclonal antibody (MoAB) against 
PSA was employed (from Neomarkers, Fremont, CA 94555). Working 
dilution: 1:60 to 1:100. To achieve optimal immunoreactivity, tumor 
tissue fixation time was shortened to 4-6 hours and antigen retrieval 
technique was applied. 

Antigen retrieval. In this immunocytochemical research project, we 
employed the immunohistochemical procedure of heat induced epitope 
retrieval (PHER) (32-34) as modified by us. Antigen retrieval required 
immersion of tissue sections in a Target Retrieval Solution (DAKO 
Corporation, Carpintcria, CA, USA) and heating in a water bath (95X 
to 99*C). Unmasking of fixed antigen epitopes was also carried out by a 
single or combined enzymatic digestion prior to the primary antigen- 
antibody reaction. An increase in the quantity of detectable antigenic 
epitopes following HIER has been described for a number of antibodies. 
Immune-morphological observations also reported a significant increase 
in the intensity of immunostaining. 

hnmwwutkaline phosphatase conjugated antigen detection techmpie. Wc 
used the following immunoalkaline phosphatase cytochemical method, 
modified by us for the detection of PSA in formalin fixed, paraffin-wax 
embedded malignant melanoma tissues (35-37). The technique is a 
highlv sensitive, indirect, four to six step immunocytochemical method, 
which combines the bioiin-streptavidin based ABC-method (38) with 
enzyme -linked (alkaline phosphatase) immunohistochemislry. Briefly, 
following deparaffinization in three changes of Xylene substitute 
(Shandon-Lipshaw, Pittsburgh, PA, USA) for 20 to 30 minutes, 
rehydration was carried out employing descending dilutions of alcohol 
(100% to 50%) to TBS. An initial blocking step using 1% glacial acetic 
acid mixed with the working buffer for 10 minutes was necessary to 
eliminate the endogenous AP activity from the tissues. Use of levamisole 
solution is also described in our earlier observations. As we explained 
earlier (37), GAA inhibition was preferred because of the possible 
presence of levamisolc-resistant AP iso-enzyrne (39). The second 
blocking step was conducted with a purified mixture of proteins 
(Shandon-Lipshaw) from various species for 5-10 minutes to block cross- 
reactive antigenic epitopes. Excess serum was removed from the area 
surrounding the sections! The tissue sections were then incubated for 90- 
120 minutes with the particular primary antibody. Next, incubation with 
the secondary antibody, a whole goat anti-mouse IgG molecule (IgG 
molecule diluted by ICN Biomedicals, Inc., Aurora, OH, USA) was 
carried out for 20 minutes. Streptavidin conjugation was accomplished 
by incubation with AP conjugated streptavidin for 20 minutes (40-43). 
The binding of the biotinylated antibody to streptavidin complexes 
occurs with an extremely high affinity (10-19M) (BioWhitaker, Inc., 
Walkersville, MD, USA). Color visualization of the primary antigen- 
antibody (Ag-Ab) reaction was accomplished using an alkaline 
phosphatase (AP) kit I (Vector Laboratories, Burlingame, CA, USA) 
which contains ASTR with Tris-HCI buffer at pH 8.2, added for 28-40 
minutes to allow formation of a stable red precipitate from the primary 
Ag-Ab reaction product (various intensities). Sections were counter- 
stained with a dilute solution of Gill's hematoxylin (Richard- Allan, 
Kalamazoo, MI, USA). The tissue slides were then dehydrated in 
ascending concentrations of alcohol (60% to 100%) to xylene substitute 
(Shandon-Lipshaw), in which they were kept overnight to ensure 
complete morphological clearing. The stained tissue sections were 
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mounted using a .solution specially designed for use following 
morphological clearing in xylene substitute (Shandon-Lipshaw). 

Human tissue controls in immunohistochemtstty. To accurately assess the 
expression of PSA in primary and metastasized malignant melanoma 
cells, we used positive und negative tumor tissues all contained on 
human multitumor checkerboard tissue slides: breasi, non-small cell 
lung, hepatocellular, colon, prostate, ovarian carcinomas and other 
tissues (DAKO Corp.; Lot: 5 11 OF) (44,45). We also stained several 
normal, adult human thymic, tonsil, spleen, thyroid, lung, liver, kidney, 
heart, pancreas, ovary, prostate, small intestine, large intestine and brain 
tissue sections, all included in one multitissue block (DAKO Corp.; Lot: 
5935 B). Additional controls for all employed tissues and MoABs 
included: 

1) omission of the primary MoAB; 

2) using only the enzymatic developer solution to detect the presence of 
endogenous peroxidase or alkaline phosphatase activity; and 

3) use of MOPC 21 mouse myeloma IgGi (ICN Biomedicals, Inc.) as a 
replacement for the primary MoAB to determine non-specific myeloma 
protein binding to the antigen epitopes of the screened tissues. 

Evaluation of the immunocytochcmical results. Qualitative and 
quantitative evaluations of the percent of antigen positive cells und the 
intensity of inununostaining were conducted using a light microscope 
(Olympus America. Inc., Melville, NY, USA) counting 100-200 cells 
from each of five to eight distinct areas in nonnecrotic malignant 
melanomas and positive and negative control tissues. Artifacts were 
avoided, while, on the other hand, morphologically characteristic areas 
were sought out. The presence of melanoma cells with very 
heterogeneous IPs, the endothelial elements of small blood vessels, 
tumor infiltrating leukocytes and macrophages (the host's 
immunological effector and antigen presenting cells) required careful 
qualitative assessment. Non-vascular elements were also examined, but 
only morphologically distinct neoplastically transformed cells were 
scored! 

Quantitative evaluation: (37) 

(+-+ + +) over 90% of the total cell number are positive; (+ + +)50% to 
90% of the total cell number are positive; (++) 10% to 50% of the total 
cell number are positive; (+) 1% to 10% of the total cell number are 
positive; (i) under 1% of Ihe total cell number are positive; (-) negative. 

Qualitative evaluxttion:(37) 

(A) very intense red staining; (B) strong red staining; (C) light . red 
staining; (D) negative staining. 



Results 

We obseived the expression of PSA in 16 out of 30 CMMs 
and 6 out of 10 MMMs. The intensity of the immunoreactivity 
ranged from C to B and the staining was usually restricted to 
the cell membrane, although in MMMs staining in the 
cytoplasm of neoplastically transformed melanocytes was 
common. 20% to 30% of the total malignant melanoma cell 
population reacted positively with the anti-PSA MoAB in 
both CMMs and MMMs. The immunoreactive malignant 
cells were clustered in groups within the tumor cell 
microenvironment and formed special tumor cell clones with 
a highly dedifferentiated IP. The IP heterogeneity of 
■malignant melanoma cells, previously reported in detail by us 
(47) using immujiocytochemistry with extensive libraries of 



mono- and polyclonal antibodies, is further substantiated by 
their PSA positiviry or negativity. 

Discussion 

The present study represents the first concerning the 
expression of PSA in human malignant melanomas. In this 
immunocytochemical investigation, we detected PSA 
immunoreactivity in 16 out of 30 CMMs and 6 out of 10 
MMMs. The PSA immunoreactivity was localized to 20% to 
30% v\f the total cell population in CMMs and a similar 
percentage of the cells stained positively in MMMs. The 
division of the tumor microenvironment into PSA positive 
and PSA negative cell groups represents another marker of 
cellular IP hterogeneity in human malignant melanoma, in 
addition to those described by us in another communication 
(46). The intensity of the immunoreactivity was heterogenous, 
ranging from moderate to strong. 

Prostate specific antigen (PSA) was proclaimed as a 
glycoprotein produced exclusively by prostatic epithelial 
tissue merely three years ago by Armbruster (47). However, 
there is a growing amount of experimental evidence that PSA 
may be present in many steroid hormone stimulated tissues 
other than that of the prostate (3). Using reverse 
transcriptase-polymerase chain reaction and DNA sequencing 
techniques, PSA mRNA was identified in 30% of female BCs 
(10,48). Employing a highly sensitive immunofluorometric 
assay, PSA presence has been defined in 23 of 43 diverse 
tumor tissue extracts. As wc mentioned earlier, PSA has been 
identified in a number of human malignancies: 30%-40% of 
breast carcinomas, and in a lower percentage of tumors of the 
skin, parotid, salivary gland, lung, colon* liver, ovary, kidney 
and adrenals. 

The presence of PSA in the sera of patients with renal cell . 
carcinoma and non-Hodgkin's lymphoma of the kidney has 
been classiGed as a false-positive phenomenon by several 
investigators (49,50). In view of the numerous- studies 
establishing various serum PSA levels in a number of non- 
prostate cancers in both men and women, and the 
immunohistochemical data presented by us and others, it is 
quite clear that PSA can no longer be considered a prostate- 
specific molecule. Future observations will decide the true 
clinico-pathoiogical value of PSA expression in human 
malignancies. 
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Abstract. To date, no true tissue specific antigen has been 
discovered Prostate-specific antigen (PSA) was initially 
reported to be a tissue specific protein, detected in the seminal 
fluid and produced by normal and abnormal epithelial cells of 
the prostate gland. PSA is a 33 kD glycoprotein, with serine 
protease activity, and it is produced by several different tissues in 
the human body. Its expression levels may be elevated during 
benign and neoplastic cell growth in the prostate, and in a 
number of other human malignancies. The detection of PSA is 
also useful in monitoring the efficacy of anticancer treatment in 
malignant prostatic adenocarcinoma. In the present 
immunocytochemical study, PSA expression was examined 
employing a biotin-streptavidin based, alkaline phosphatase 
conjugated antigen detection technique in J6 routine, neutral 
formalin fixed, paraffin-wax embedded, primary BC tissue 
sections. Human postnatal thymic tissue, among others, was 
used as a negative tissue control, while normal prostate and 
prostate carcinomas (PCs) were included in the collection of 
antigen positive tissues. We observed the presence of PSA in all 
16 BC cases, and this expression was independent of estrogen 
receptor status The intensity of the staining was moderate to 
high (BtoA) and localized to 20% to 40% of the total BC cell 
population, with cells of similar immunoreactivity being 
clustered in groups widiin the tumor microenvironment. This 
result directly contradicts the previous opinion concerning the 
prostate epithelium specificity of PSA expression and production. 
The immunophenotype (IP) heterogeneity, of BC cells is father 
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substantiated by their PSA positiviry and its association with the 
presence of steroid hormone receptors. The establishment of the 
clinical significance of these findings necessitates further in vivo 
and in vitro research in BCs. The prognostic significance of PSA 
in BCs may lie in the identification of a subset of estrogen 
receptor negative BC patients who have malignancies associated 
with a good prognosis. PSA related, novel antineoplastic 
immunotherapy may also be recommended. 

Since its first description in seminal fluid in 1971, a large 
amount of new information has been collected concerning the 
biology and expression of prostate-specific antigen (PSA). 
PSA (p30) provides an excellent serum marker for prostate 
cancer, the most frequent cancer among the American male 
population ( 1 ). 

The mature form of PSA is a 33 kD, 237 amino acid 
glycoprotein, (consisting of 93% amino acids and 7% 
carbohydrates) thought to be produced exclusively by 
prostatic epithelial cells (2). PSA represents a serine protease, 
and it is a member of the kailikrein gene family, located on 
chromosome 19 (3). PSA has a high sequence homology with 
human glandular kailikrein 1 (hGK-1). It has chymotrypsin-, 
trypsin-, and esterase-like activities. In human serum, it is 
present in a complex form with otl-antichymotrypsin (ACT), 
although complex formation is slow between them in vitro. 
PSA also forms stable heteromers with a2-macroglobulin 
(a2M) in vitro but the complex does not display any of the 
immunogeneic PSA antigenic epitopes as a result of PSA 
encapsulation. The in vivo significance of such complex 
formation is not yet understood. PSA is mainly responsible 
for gel dissolution in freshly ejaculated semen by proteolysis 
of the major gel-organizing proteins semenogelin I and II and 
fibronectin (4). 

Prostate specific antigen in normal human tissues and fluids. To 
date, the production of PSA has only been reported in two 
normal human tissues: breast epithelium and endometrium. 
The milk of lactating women, as well as the amniotic fluid also 
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contain PSA (5). Significant advances have been made 
regarding the identification and characterization of the 
molecular isoforms of PSA. In the seminal fluid, PSA seems 
partially connected to a serpinc (a protein C inhibitor), 
whereas in normal male serum it is predominantly associated 
with ctl-antichymotrypsin (molecular weight - 100 kD) and 
to a smaller degree quantity with a2-macroglobulin. 

In vitro studies of PSA: Several compounds such as retinoic 
acid and various growth factors may influence PSA protein 
production. It seems to be mostly under the control of 
circulating androgens acting through their androgen 
receptors. Yu and co-workers (6) were able to induce PSA 
production in steroid hormone receptor positive, established 
breast carcinoma cell lines T-47D and MCF-7 by treatment 
with androgens, progestins, mineral ©corticosteroids, 
glucocorticosteroids, and antiestrogens. Estrogens failed to 
induce such production in both cell lines and, in addition, 
PSA induction was blocked by use of androgens in the T-47D 
cell line. The effect of PSA on estronesulphatase and 
estrogen 17-oxidoreductase activities were also investigated 
(7). PSA in low concentrations was found to inhibit the 
growth of the MCF-7 BC cell line and stimulated the 
conversion of estradiol to the less potent estrogen estrone in 
these cells. PSA had no effect on the MDA-MB-23 I hormone 
independent human BC cell line (7). 

PSA in non-prostate human malignancies. During the past two 
years, numerous articles have been published which describe 
the expression of PSA in non-prostate human tumors: salivary 
gland neoplasms (8,9); breast cancer (6,10,11); established 
breast cancer ceil lines (6); lung adenocarcinoma (12); 
parotid, liver, adrenal, kidney, colon rumors (5); ovarian 
carcinomas (5,13); Skene's paraurethral glands and ducts 
adenocarcinoma (14,15); and adenocarcinoma of the female 
urethra (16). Yu and coworkers (6) have reported that about 
30% of BCs (from 525 cytosols observed) actually produce a 
33 kD protein similar to seminal PSA. They also found PSA 
production at the ovarian metastatic site of the BCs and 
expressed the view that the detection of PSA in BCs carries 
with it a favorable prognosis. In the same study, ovarian 
cancers were also observed and it was found that from 99 
primary ovarian cancers only three produced low amounts of 
PSA. PSA immunoreactivity was associated only with the 
expression of progesterone receptors (PRs) and no 
correlation was detected with the presence of estrogen 
receptors (ERs). Since 5 out of 6 male BCs were found to be 
negative for PSA immunoreactivity, it was suggested that 
androgens may not be involved in the production of PSA in 
BCs. 

In view of the literature the specific aims of the present 
study were to: a) examine the usefulness of highly sensitive 
immunohistochemical techniques to detect the presence of 
PSA in human BC cells; b) determine the pattern of PSA 
immunoreactivity within the heterogeneous tumor cell 



microenvironment employing a highly specific anti-PSA 
MoAB (i.e. whether the immunoreactivity is homogeneous or 
localized to distinct ceil clones of BC cells); and c) elaborate 
on the possible pathogenetic significance of. PSA expression 
in BCs. 

Materials and Methods 

Tissues. In this immunocytochemicnl screening we used 16 BC tissues 
fixed in 10% neutral formalin ( 17) and embedded in paraffin-wax. The 
BC tissue sections were derived from patients treated at the University 
of Southern California and the breast carcinoma diagnosis was 
established and confirmed by staff pathologists in the Department of 
Pathology. Paraffin-wax BC tissue sections (3 to 4 \un thick) were cut 
employing a Reichert microtome and mounted on precleaned standard 
histological slides. 

Antibodies. During this immunocytochemical observation a recently 
developed, an ti- human mouse monoclonal antibody (M6AB) against 
prostate specific antigen (PSA) was employed (from Neomarkers, 
Fremont, CA 94, U.S.A.). Working dilution: 1:60 to 1:100. To achieve 
optimal immunoreactivity, tumor tissue fixation lime was shortened to 4- 
6 hours and antigen retrieval technique was applied. . 

Antigen retrieval In this immunocytochemical research project, we 
employed the immunohistochemical procedure of heat induced epitope 
retrieval (HIER) (18-20) as modified by us. Antigen retrieval required 
immersion of tissue sections in a Target Retrieval Solution (DAKO 
Corporation, Carpinteria, CA, USA) and heating in a water bath (95 *C 
to 99 *C). Unmasking of fixed antigen epitopes was also carried out by 
single or combined enzymatic digestion prior to the primary antigen - 
antibody reaction. An increase in the quantity of detectable antigenic 
epitopes following HIER has been described for a number of antibodies. 
Immunomorpho logical observations also reported a significant increase 
in the intensity of tmmunostaining. 

tmmutioalkaline phosphatase conjugated antigen detection technique. We 
used the following immunualkaline phosphatase cytochemical method, 
modified by us for the detection of PSA in formalin fixed, paraffin-wax 
embedded BC tissues (2J-23). The technique is a highly sensitive, 
indirect, four to six step immunocytochemical method, which combines 
the biotin-strcptavidin .based ABC-method (24) with enzyme-linked 
(alkaline phosphatase) immunohistochemistry. Briefly, following 
deparaffinization in three changes of Xylene substitute (Shandon- 
Upshaw, Pittsburgh, PA, USA) for 20 to 30 minutes, rehydration was 
carried out employing descending dilutions of alcohol (100% to 50%) to 
TBS. An initial blocking step using i% glacial acetic acid mixed with the 
working buffer for 10 minutes was necessary to eliminate the 
endogenous AP activity from the tissues. Use of levamisole solution is 
also described in our earlier observations. As we explained earlier (23), 
GAA inhibition was preferred because of the possible presence of 
levamisole-resistant AP iso-enzyme (25). The second blocking step was 
conducted with a purified mixture of proteins (Shandon-Lipshaw) from 
various species for 5-10 minutes to block cross-reactive antigenic 
epitopes. Excess serum was removed from the area surrounding the 
sections! The tissue sections were then incubated for 90-120 minutes 
with the particular primary antibody. Next, incubation with the 
secondary antibody, which was a biotinylated, whole goat anti-mouse 
IgG molecule (IgG molecule diluted by ICN Biomedicals, Inc., Aurora, 
OH, USA) was carried out for 20 minutes. Streptavidin conjugation was 
accomplished by incubation with AP conjugated streptavidin for 20 
minutes (26-29). The binding of the biotinylated antibody to streptavidin 
complexes occurs with an extremely high affinity (10-19M) 
(BioWhitaker, Inc., Walkersvitle, MD, USA). Color visualization of the 
primary antigen -anti body (Ag-Ab) reaction was accomplished with an 
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alkaline phosphatase (AP) kit 1 (Vector Laboratories, Burlingame, CA, 
USA) which contains AS-TR with Tris-HCl buffer at pH 8-2 added for 
28-40 minutes to aUow formation of a stable red precipitate. Sections 
were coun lerstai ned with a diluted solution of Gill's hematoxylin 
(Richard-Allan, Kalamazoo, MI, USA). The tissue slides were then 
dehydrated in ascending concentrations of alcohol (60% to 100%) to 
xylene substitute (Shandon-Lipshaw), in which they were kept overnight 
to ensure complete morphological clearing. The stained tissue sections 
were mounted using a solution specially designed for use following 
morphological clearing in xylene substitute (Shandon-Lipshaw). 

Human tissue controls in immunohistochemistry. To accurately assess the 
expression of PSA in BCs, we used positive and negative tumor tissues 
all contained on human multitumor checkerboard tissue slides: non- 
small cell lung, hepatocellular, colon, prostate, ovarian carcinomas and 
other tissues (DAKO Corp.; Lot: 5110F) (30,31). We also stained several 
normal, adult human brain, tonsil, thymic, thyroid, heart, lung, spleen, 
liver, pancreas, small intestine, large intestine, kidney, ovary, and 
prostate ail included in one muUitissue block (DAKO Corp.; Lot: 
5935B). Additional controls for all employed tissues and MoABs 
included: 

a) omission of the primary MoAB; 

b) using only the enzymatic developer sohition lo detect the presence of 
endogenous alkaline phosphatase activity; and 

c) use of MOPC 21 mouse myeloma IgG, (ICN Biomedicals, Inc.) as a 
replacement for the primary MoAB to determine non-specific myeloma 
protein binding to the antigen epitopes of the screened tissues. 

Evaluation of the immunocytochemicul results. Qualitative and 
quantitative evaluations of the percent of antigen positive cells and the 
intensity of immunostaining were conducted using a light microscope 
(Olympus America, Inc., Melville, NY, USA) counting 100-200 cells 
from each of five to eight distinct areas in nonnecrotic BCs and positive 
and negative control tissues. Artifacts were avoided, while, on the other 
hand, morphologically characteristic areas were sought out. The 
presence of mammary carcinoma cells with very heterogeneous IPs, the 
endothelial elements of small blood vessels, tumor infiltrating leukocytes 
and macrophages (the host's immunological effector and antigen 
presenting cells) required, careful qualitative assessment. Non-vascular 
elements were also examined, but only morphologically distinct 
neopiastically transformed ceils were scored! 

Quantitative evaluation, (23) (+ + + +) over 90% of the total cell number 
are positive; (+ ++) 50% to 90% of the total cell number are positive; 
(+ +) 10% to 50% of the total cell number are positive; (+) 1% to 10% 
of the total cell number are positive; (±) under 1% of the total cell 
number are positive; (-) negative. 

Qualitative evaluation. (23) (A) very intense red staining; (B) strong red 
staining; (C) light red staining; (D) negative staining. 

Results 

We observed the expression of PSA in ail 16 BC cases 
investigated. This immunocytochemicai presence was 
independent of the BCs* estrogen receptor status. According 
to our observations, the intensity of the immunoreactivity was 
moderate to high (B to A) and localized to 20% to 40% of the 
total BC cell population. The immunoreactive malignant cells 
were clustered in groups within the tumor cell 
microenvironment and formed special tumor cell clones with 
a differentiated IP. The IP heterogeneity of BC cells, 
previously investigated in detail using immunocytochemistry 



with extensive libraries of MoABs, is further substantiated by 
their PSA positivity or negativity. 

Discussion 

In this systematic immunocytochemicai study we detected 
PSA immunoreactivity in 16 out of 16 observed BC cases. The 
PSA immunoreactivity was localized to 20% to 40% of the 
total BC cell population. The division of the tumor 
microenvironment into PSA positive and PSA negative cell 
groups represents another marker of cellular IP hterogeneity 
in BCs. The intensity of the immunoreactivity was 
heterogenous, ranging from moderate to strong. 

Prostate specific antigen (PSA) was proclaimed as a 
glycoprotein produced exclusively by prostatic epithelial 
tissue just three years ago by Armbruster (32). However, 
there is a growing amount of experimental evidence that PSA 
may be present in many steroid hormone stimulated tissues 
other than that of the prostate (5). Using reverse transcriptase- 
polymerase chain reaction and DNA sequencing techniques PSA 
mRNA was identified in 30% of female BCs (11,33). 
Employing a highly sensitive immunofluorometric assay, PSA 
presence has been defined in 23 of 43 diverse tumor tissue 
extracts. As we mentioned above, PSA has been identified in 
a number of human malignancies: 30%-40% of breast 
carcinomas, and in a lower percentage of tumors of the skin, 
parotid, salivary gland, lung, colon, liver, ovary, kidney and 
adrenals. High performance liquid chromatography (HPLC) 
fractioning was employed to determine the molecular weight 
of the highly immunoreactive tumor extracts. Whereas the 
vast majority of tumors showed immunoreactivity eluting at 
both 100 kD and 33 kD, corresponding to PSA bound to al- 
antichymotrypsin and free PSA, respectively, the colon and 
parotid tumors displayed immunoreactivity only at the 33 kD 
fraction. 

A significant direct correlation has been described between 
breast carcinoma PSA immunoreactivity and progesterone 
(PG) positivity (34). PSA level was measured in cytosols of 
normal, healthy women receiving no medication and receiving 
a progestin containing oral contraceptive (Brevicon). Both 
left and right breast tissues demonstrated high levels of 
immunoreactive PSA after regular oral contraceptive 
medication (steroid hormone stimulation). The molecular 
weight observation defined a PSA presence identical to that 
of seminal PSA (35). 

PSA levels in blood serum have been examined in women 
with and without BC, compared between women with PSA- 
positive and PSA-negative BCs, as well as between women 
with BC prior to and following surgical removal of the tumor 
(36,37). The authors described no difference in the serum 
PSA levels of normal and BC patients in women 50 years of 
age.or older. Yu and co-workers (38) have reported that PSA 
immunoreactivity declines with the age of BC patients. In 
addition, no differences in pre- and post-surgical serum PSA 
levels, nor between women with PSA-positive or PSA- 
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negative BCs were found. HPLC defined the presence of free 
PSA (33 kD) in BCs. These results again suggested that 
female serum PSA is not associated with BC produced PSA. 
An important clinical study of 174 female patients defined 
that the relative risk for relapse was 034 in women with PSA 
positive BCs, compared to PSA negative BC patients (39). 
The reduced risk of relapse was independent of lymph node 
status, tumor size, ER and PR expression, and other 
prognostic parameters. 

Ectopic PSA production by BC cells metastasized to the 
ovary has only been reported in a single article (40), further 
support of the view that PSA expression is a favorable 
prognostic parameter in BCs. Levesque and co-workers (5) 
conclude that in addition to normal breast epithelium, breast 
carcinomas, parotid, colon, liver, kidney and adrenal tumors 
can also produce PSA. It appears that PSA is probably a 
growth factor or a growth factor regulator and it may play an 
important role in fetal ontogenesis (41). 

The human body under normal physiological conditions is 
in a state of homeostasis which also includes tight regulatory 
control over steroid and hormone levels in the body involving 
strict feedback mechanisms. The condition of neoplasia, by 
definition, is not governed by the regulatory systems of the 
body and thus works to throw off the balance which, under 
normal conditions, is continually maintained. The increase in 
the production of PSA following oral contraceptive treatment 
is a clue to the relationship between the maintencance of 
hormonal balance arid PSA expression. Steroid hormone 
production and receptor expression have been detected in the 
medullary reticulo-epithelial (RE) cells during prenatal 
thymic ontogenesis in humans (42). The presence of 
thymosin-al. in the seminal and follicular fluids and its 
participation in germ cell function have been discussed (43). . 
It is a distinct possibility that PSA secretion is an indicator of 
the alteration in steroid hormone secretion and overall 
regulation with certain cellular immunological consequences. 
We suggest that the accumulation of such modifications may 
ultimately result in neoplastic transformation. Our 
immunocytochemical data suggest that PSA can no longer be 
regarded as a prostate specific protein. Thus, the expression 
of PSA by BC cells may represent a positive prognostic 
marker. 

Ackn owledgements 

The authors appreciate the assistance of Dr. Victoria Pseiiko in the 
preparation of this manuscript. 

References 

1 Villuutreix BO, Gctzoff ED, Griffin JH: A structural model for the 
prostate disease marker, human prostate-specific antigen. Protein 
Science 3: 2033-2044, 1994. 

2 Seregni E. Botti C, Ballabio G, Bombardieri E: Biochemical 
characteristics and recent biological knowledge on prostate-specific 
antigen. TumuriS2- 72-77, 1996. 



3 el-Shirbiny AM: Prostatic specific antigen. Advances Clin Chem 31: 
99-133,1994. 

4 Ulja H: Structure, function, and regulation of the enzyme activity of 
prostate-specific antigen. World J Urol //: 188-191, 1993. 

5 Levesque M, Hu H. D'Chsta M, Diamandis EP: Prostate-specific antigen 
expression by various tumor*. J Clin Lab Anal 9: .123-128, 1995. 

6 Yu H, Diamandis EP, Zarghami N, Grass L: Induction of prostate 
specific antigen production by steroids and tamoxifen in breast cancer 
cell lines. Breast Cancer Res Treat 32: 291-300, 1994. 

7 Lai LC, Erbas H, Lennard TW, Pension RT: Prostate -specific antigen 
in breast cyst fluid: possible role of prostate-specific antigen in 
hormone-dependent breast cancer. Int J Cancer 66: 743-746, 1996. 

8 van Krieken JH: Prostate marker itnmunoreactivity in salivary gland 
neoplasms. A rare pitfall in immunohistochemistry. Am J Surg Pathol 
77:410-414,1993. 

9 Poller D: Prostate marker immunoreactivity in salivary gland 
neoplasms. Am J Surg Pathol JH: 21 4-215, 1994. 

10 Diamandis EP, Yu H, Sutherland DJ: Detection of prostate-specific 
antigen immunoreactivity in breast tumors. Breast Cancer Res Treat 
32: 301 -310, 1994. 

1 1 Monne M, Croce CM, Yu H, Diamandis EP: Molecular 
characterization of prostate -specific antigen messenger RNA 
expressed in breast tumors. Cancer Res 54: 6344-6347, 1994. 

12 Bilgrami S, Singh NT, Shafi N, Cicsielski T: Raised prostate-specific 
antigen in adenocarcinoma of lung. Lancet 344: 1371-1372, 1994. 

13 Yu H, Diamandis EP, Levesque M ( Asa SL, Monne M, Croce CM: 
Expression of the prostate-specific antigen gene by a primary ovarian 
carcinoma. Cancer Res 55: 1603-1606, 1995. 

14Zaviacic M, Sidlo J. Borovsky M: Prostate specific antigen and 
prostate specific acid phosphatase in adenocarcinoma of Skene's 
paraurethral glands and ducts. Virchows Arch A Pathol Anat 
Histopathol 423: 503-505, 1993. 

15 Dodson MFC, Cliby WA, Keeney GU Peterson MF, Podratz KC: 
Skene's gland adenocarcinoma with increased serum level of prostate- 
specific antigen. Gynecol Oncol 55: 304-307, 1 994. 

16 Ebisuno S, Miyai M, Nagareda T: Clear cell adenocarcinoma of the 
female urethra showing positive staining with antibodies to prostate- 
specific antigen and prostatic acid phosphatase. Urology 45: 682-685, 
1995. 

17Farmilo AJ, Stead RH: Fixation/ in immunocytochemistry. In: 
Handbook Immunochemical S taining j&cthods, Ed. Nnish SJ, DAKO 
Corporation, 1989, pp. 2429. 

18 Shi S-R, Key ME, Kalra KL: Antigen retrieval in formalin fixed, 
paraffin-embedded tissues: an enhancement " method for 
immunohistochemical staining based on microwave oven heating of 
tissue sections. J Histochcm Cytochem 39: 741-748. 1991. 

19 Shi S-R, Cote C, Kalra KL, Taylor CR, Tandon AK: A techniqv- for 
retrieving antigens in form a 1 in- fixed, routinely acid-decalcified, 
cctloidin-embedded human temporal bone sections for 
immunohistochemistry. J Histochem Cytochem 40: 787-792, 1992. 

20 Beckstead JH: Improved antigen retrieval in formalin-fixed, paraffin- 
embedded tissues. AppI Immunohistochem 2: 274-281, 1994. 

21 Janckila AJ, Yam LT ? Li C-Y: Immunoalkaline phosphatase 
cytochemistry. Ajner J Clin Pathoi 84: 476-480, 1 985. 

22 Cattoretti G, Bcrti E, Schiro R, D* Amato L, Valeggio C, Rilke F: 
Improved avidin-biotin-peroxidase complex (ABC) staining. HistoJ J 
20: 75-80. 1988. 

23 Bodey B, Zeltzer PM, Saldivar V, Kemshead J: Imrounophenotyping 
of childhood astrocytomas with a library ol monoclonal antibodies. 
Int J Cancer 45: 1079-1087, 1990. 



2580 



Bodey et al; PSA in Breast Carcinoma Cells 



24 Hsu SM, Raine U Funger-H: Use of avidin-biotin-peroxtdase complex 
(ABC) in immunopcroxidase techniques: a comparison of ABC and 
unlabeled antibody (PAP) procedure. J Histochem Cytochem 29: 577- 
581,1981. 

25 Yam LT, Janckila AJ, Eprcmian BE, Li C-Y: Diagnostic significance 
of levamisoie-resistant alkaline phosphatase in cytochem istiy and 
inmiunocytochemistry. Amer J Clin Pathol 91: 31-36, 1989. 

26 Strasburger CJ, Amir-Zaltsman Y, Kohen F: The nvidin-biotin 
reaction as an universal amplification system in immuno assays. Prog 
Clin Biol Res 285: 79-100, 1988. 

27 Wilchek M, Bayer EA: Introduction to avidin-biotin technology. 
Methods Enzymol 184: 5-13, 1990. 

28 Duhamel RC, Whitehead JS: Prevention of nonspecific binding of 
avidin. Methods Enzymol 184: 201-207, 1990. 

29 Diamandis EP, Christopoulos TK: The bion*n-(sTrept)avidin system: 
principles and applications in biotechnology. Clin Chem 37: 625-636, 
1991. 

30 Battifora H: The multituroor (sausage) tissue block: novel method for 
immunohistochemical antibody testing. Lab Invest 55: 244-248, 1986. 

31 Battifora H, Mehta P: The checkerboard tissue block. An improved 
mulritissue control block. Lab Invest 63: 722-724, 1990. 

32Armbruster DA: Prostate-specific antigen: biochemistry, analytical 
methods, and clinical application. Clin Chem 39: 181-195, 1993. 

33 Zarghami N, Diamandis EP: Detection of prostate-specific antigen 
mRNA and protein in breast tumors. Clin Chem 42: 361-366.. 1996. 

34 Ferguson RA, Yu H, Kalyvas M, Zammit S, Diamandis EP: 
Ultrasensitive detection of prostate-specific antigen by a time- 
resolved immunofluorometric assay and the Immulite 
immunochemiluminescent third-generation assay: potential 
applications in prostate and breast cancers. Clin Chem 42: 675-684. 
1996. 

35 Yu H, Diamandis EP, Monne M, Croce CM: Oral contraceptive- 



induced expression of prostate-specific antigen in the female breast. J 
Biol Chem 270: 6615-6618, 1995. 

36 Yu H, Giai M, Diamandis EP, Katsaros D, Sutherland DJ, Levesque 
MA Roagna R, Pon2one R, Sismondi P: Prostate-specific antigen is a 
new favorable prognostic indicator for women with breast cancer. 
Cancer Res 55: 2104-2110, 1995. 

37 Giai M, Yu H, Roagna R, Ponzone R, Katsaros D, Levesque MA, 
Diamandis EP: Prostate-specific antigen in serum of women with 
breast cancer. Brit J Cancer 72: 728-731, 1995. 

38 Yu H, Diamandis EP, Sutherland DJ: Immunoreactive prostate- 
specific antigen levels in female and male breast tumors and its 
association with steroid hormone receptors and patient age. Clin 
Biochem 27: 75-79, 1994. 

39 Yu Hi Diamantis ER: Prostate-specific antigen (PSA) as a new 
prognostic marker in female breast cancer; molecular characterization 
and clinical implication. (Meeting Abstract) Proc Annu Meet Am 
Assoc Cancer Res 36: A1464, 1995. ■ 

40 Yu H, Diamantis ER, Levesque M, Sismondi P, Zola P, Katsaros D: 
Ectopic production of prostate specific antigen by a breast tumor 
metastatic to the ovary. J Gin Lab Analysis 8: 251-253, 1994. 

41 Diamantis ER: New diagnostic applications and physiological 
functions of prostate specific antigen. Scand J Clin Lab Invest (SuppI) 
227: 105-112, 1995. 

42 Bodey B: Histomorphology and histochemistry of the human thymus 
during its prenatal ontogenesis. Dissertation, Inst Morphol, Bulg 
Acad Sci, Sofia, Bulgaria, 1977, pp 1 -360. 

43 Naz RK, Naylor PH, Goldstein AL: Thymosin «l levels in human 
seminal plasma and follicular fluid: implication in germ cell function. 
Int J Fertil 32* 375-379, 1987. 

Received November 11, 1996 
Accepted February 3, 1997 



2581 



Multiple Marker Evaluation in Human Prostate Cancer With the 
Use of Tissue-Specific Antigens 12 3 



M. Kuriyama, 4 M. C. Wang, 4 C. L. Lee, 4 C. S. Killian, 4 L. D. Papsidero, 4 H. Inaji, 4 R. M. Loor, 4 
M. F. Lin, 4 T. Nishiura, 5 N. H. Slack, 6 G. P. Murphy, 6 and T. M. Chu 4 - 7 ' 8 



ABSTRACT — Serum prostate-specific antigen and prostatic acid 
phosphatase were simultaneously evaluated in 22 healthy males, 
29 patients with benign prostatic hypertrophy, and 192 patients 
with prostate cancers at various stages as well as in 30 patients 
with cancers other than prostate cancer. Both markers were 
quantitated by specific sandwich-type, enzyme-linked, immuno- 
sorbent assays with the use of specific antiserum reagents. 
Serum assays revealed a discordance between these two markers; 
thus expressions of these two biochemically and immunologically 
distinct prostate-specific proteins may reflect different aspects in 
the biology of prostate cancer. A combination test with the use of 
7.5 ng of prostate antigen and 15.5 ng of prostatic acid phos- 
phatase/ml of serum, respectively, as cutoff values resulted in a 
positive detection rate of 58% for prostate cancers of stages A 
{7/12) and B (21/36) each. 68% for prostate cancer of stage C 
(19/28), 92% for prostate cancer of stage D (106/116), and 
only 10% for benign prostatic hypertrophy (3/29). None of 52 
other cancers or healthy controls was registered as positive. This 
study demonstrates that a multiple marker test of tissue-specific 
antigens can be of an additive value in the immunodiagnosis of 
cancer and may be a logical and effective approach at this time, 
in light of the unavailability of human tumor-specific markers. — 
JNGI 1982; 68:99-105. 



Assay of acid phosphatase activity (EC 3. 1.3. 2) has 
been used as an aid in the diagnosis of prostate cancer, 
since Gutman et al. (/) in 1936 reported an association 
between elevated serum acid phosphatase and meta- 
static prostate cancer. Recently, several immunochem- 
ical procedures have been developed for quantitation of 
serum PAP (2-8). By these immunoassays with antisera 
specific to PAP, various results with regard to the 
detection of elevated serum PAP in prostate cancer 
have been reported. 

This laboratory reported 2 years ago the identifica- 
tion and purification of a new antigen, PA (P). By an 
immunocytochemical technique, PA has been shown 
to be localized in the cytoplasm of prostatic ductal cells 
(10). Human prostate tumor cells in vitro and in vivo 
also express this antigen (//). Circulating PA in 
patients with prostate cancer has been shown to be 
biochemically similar and immunologically identical 
to that of prostate tissue (72). Further, a sensitive 
sandwich-type ELISA has been developed for quantita- 
tion of PA (13). PA was not detectable in sera from 
healthy females or from female cancer patients. Sera 
from male patients with cancers other than prostate 
cancer contained a range of PA similar to that of 
healthy males. However, patients with prostate cancer 
had significantly elevated levels of serum PA. Since 
PA is biochemically and immunologically distinct 



from PAP (9 t 11), the expressions of these two prostate- 
specific proteins may be unique parameters in com- 
bination tests for serologic detection of prostate cancer. 
The data may provide useful information for the 
design of multiple marker studies for cancer. Also, 
new potential uses of tissue- or organ-specific anti- 
gens, rather than tumor-specific antigens, may be 
realized in the immunodiagnosis of cancer. This report 
describes our initial evaluation on the simultaneous 
measurements by two ELISA procedures of serum PA 
and PAP in prostate cancer. 



Abbreviations used: BPH = benign prostatic hypertrophy; BSA = 
bovine serum albumin; ELISA = enzyme-linked immunosorbent assay; 
HRP = horseradish peroxidase; PA = human prostate- specific antigen; 
PAP = human prostatic acid phosphatase; PBS = phosphate-buffered 
saline [0.01 Af NaHjPO^O.Ol M Na 2 HPO 4 -0.I54 M Nad (pH 7.1)J; 
pi = isoelectric point(s). 
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MATERIALS AND METHODS 

Materials. — HRP (EC 1.H.I.7; type VI, RZ3.2, lot 
#59C-9760), 2,4-dinitrofluorobenzene, sodium borohy- 
dride, o-dianisidine, poiy-L-]ysine succinate, and BSA 
were purchased from Sigma Chemical Co., St. Louis, 
Mo. Sodium metaperiodate and monoethanolamine 
were obtained from Fisher Scientific Co., Fair Lawn, 
N.J. Sephadex G-200 was the product of Pharmacia 
Fine Chemicals, Piscataway, N.J. 

Normal human sera were collected from apparently 
healthy volunteers 24-65 years old. Serum specimens 
from patients with histologically confirmed prostate 
cancers and BPH were received from the National 
Prostatic Cancer Project's Serum Bank and Gifu Uni- 
versity School of Medicine, respectively. Prostate can- 
cers were staged by investigators of the National 
Prostatic Cancer Project (H). All patients had active 
disease, although some patients were receiving treat- 
ment. Most patients with stages A, B, and C cancer had 
had no treatment. All patients with advanced stage D 
were refractory to hormone or radiation therapy and 
had not yet been given chemotherapy. Sera from 
patients with other cancers were obtained from Roswell 
Park Memorial Institute; all of these patients had 
metastatic cancer. Specimens were stored at — 85°C until 
used. 

Immunologic reagents. — Preparation of purified PA 
and PAP and production of specific anti-PA and anti- 
PAP antisera in the goat were reported previously (3, 6, 
9 t 12). The IgG fraction of goat immune sera was 
prepared by ammonium sulfate precipitation and 
Sephadex G-200 gel filtration (IB). The IgG fraction 
from goat normal serum was isolaxed in the same 
manner. Coupling of HRP to anti-PA IgG and anti- 
PAP IgG was described previously {13). 

Coating of anti-PAP to tube. — Coating of anti-PAP 
IgG to a polystyrene tube (12X75 mm) was done by the 
procedure of Kelsoe and Weiler (15). Each tube was 
incubated first with 200 jul of solution containing 0.25 
mg of poly-i.-lysine succinate/ml for 15 minutes at 
room temperature. The tube was washed three times 
with 1 ml of PBS, after which 200 >ul of anti-PAP IgG 
or normal goat IgG in 0.01 M carbonate buffer (pH 
9.6; 50 /xg/ml or 25 /ig/ml) was added to each tube and 
each tube was incubated at 37°C for 24 hours. Then 1 
ml of \% "BSA in PBS was added to the tube to 
saturate any uncoated sites. After 3 hours of incubation 
at 37°C, the antibody-coated tube was stored at 4°C 
until used. 

Quantitation of PAP. — Purified PAP or a diluted 
serum sample (200 jzl) was incubated in an anti-PAP- 
coated tube for 3 hours at 37°C. To each tube was 
added 1 ml of washing buffer (PBS containing 1% 
BSA and 0.01 M EDTA;Na salt). After gently whirling 
in a vortex, 1 ml of the solution was removed. This 
washing step was repeated three times. HRP-labeled 
anti-PAP IgG (100 ptl) was then added, and the tube 
was incubated for another 3 hours at 37°C, which 
resulted in the formation of anti-PAP IgG:PAP:anti- 



PAP IgG-HRP. After the tube was washed three times, 
the peroxidase activity of the complex was then quan- 
titated as described previously at 403 nm (A 4 oy) (13). 
The percentage bound was calculated from [(B-Bo)/ 
(£,-Bo)]X100, where B = A 4 oy of the sample, B t = A 40 y of 
maximum, and Bo~A 4 m of the blank. Each assay was 
performed in duplicate with two controls, one blank 
(without sample) and the other containing purified 
PAP at a concentration of 10 fxg/m\ for the maximal 
binding. The quantity of PAP in the specimen was 
determined from a standard curve constructed in an 
identical manner with the use of various concentra- 
tions of purified PAP. 

The reproducibility of this procedure was evaluated 
by the determination of the coefficients of variation 
between assays (i.e., two samples containing different 
concentrations of PAP were assayed in 10 separate 
experiments) and by the determination of the variation, 
within assays (i.e., two other samples with different 
PAP levels were analyzed in a series of 10 assays each) 
(13). 

Nonspecific adsorption of the tube-coated anti-PAP 
IgG. — A total of 27 normal male sera were tested for 
nonspecific adsorption to the insolubiiized antibody 
with the use of goat normal IgG coated to the tube. 

Quantitation of PA. — Serum PA levels were deter- 
mined by the ELISA procedure as reported recently 
(13); by this procedure, anti-PA IgG was conjugated to 
a solid-phase support, CNBr-activated Sepharose 4B. 
After incubation of the specimen with Sepharose 4B- 
anti-PA, the resulting Sepharose-anti-PA:PA was fur- 
ther reacted with anti-PA-HRP. The HRP in the 
sandwich-type Sepharose 4B-anti-PA:PA:anti-PA-HRP 
was then quan mated and used as a parameter for 
serum PA concentration. 

RESULTS 
ELISA of PAP 

The newly developed, tube-supported, sandwich-type 
ELISA of PAP, as performed by the experimental 
protocol described, yielded a working range of 1.0-100 
ng of PAP/ml of serum sample (text-fig. 1). Quality- 
control data of within -assay variation (two levels of 
PAP, 6.5 and 35, and 10 assays each) and between-assay 
variation (two levels of PAP, 2.6 and 51, and 10 assays 
each) revealed an overall mean coefficient of variation 
of 4.3% (ranging from 3.2 to 5.7%), indicating that this 
new enzyme immunoassay for PAP was a reproducible 
procedure. With the use of a tube coated with goat 
preirnmune IgG, rather than with goat immune anti- 
PAP IgG, 27 serum specimens of healthy males were 
shown to have levels of nonspecific binding from 15 to 
19% (mean, 17.4%). The ranges represented approxi- 
mate values of 1.0 ng or less, the sensitivity limit of 
this ELISA (text-fig. i). Therefore, the PAP assay was 
performed without the simultaneous use of a control, 
e.g., a preirnmune goat IgG-coated tube. 

In addition, sera from a group of 27 apparently 
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1.0 10 

PAP (ng/ml) 

Text-FIGURF. 1. — Standard calibration curve of PAP as determined 
by the ELISA with the use of a hundredfold-diluted HRP-anti- 
PAP IgG and 10 fxg of ami-PAP IgG applied to a polystyrene 
tube. purified PAP; A, serum containing 480 ng PAP/nil as 
standard. Horizontal bar indicates the working range of this 
ELISA. Percent bound was calculated by the formula [(5-Bo)/ 
(B -Bo)]Xl00, where B~Am of the sample, B, = A W of the maxi- 
mum, and Bn = Aw of the btank as indicated in the text. 



• healthy normal male controls were shown by this 
ELISA to have PAP levels ranging from less than 1.0 
to 13 ng/ml with a mean plus or minus standard 
deviation of 4.4±3.7. For statistical analysis, an upper 
cutoff point for the normal range was, therefore, 
calculated as 15.5 ng PAP/ml of serum (mean 4- 3 SD). 

Single Assay of PAP 

Serum PAP values in patients with prostate cancers, 
BPH, and other cancers are shown in table 1. Thirty 
male patients with cancers of the lung, pancreas, and 
colon-rectum (10 each) showed a range of scrum PAP 
similar to that seen in 27 healthy males, as did 29 
patients with BPH. A significantly higher mean serum 
PAP value, however, was obtained from patients with 
all clinical stages of prostate cancers. The mean of 



serum PAP in 12 patients with stage A prostate cancer, 
15.5 ng/ml, was equal to the upper cutoff point for the 
range in 27 healthy males. In addition, the mean serum 
PAP increased with increasing disease stage. Serum 
PAP levels were elevated in 33% of stage A, 42% of 
stage B, 64% of stage C, and 73% of stage D prostate 
cancer patients. Text-figure 2 shows a scatiergram of 
the data presented in table 1 for males. 

This study also included serum "PAP" values from 
10 healthy female controls and 19 female cancer pa- 
tterns. As table 1 shows, all mean values were less than 
1.5, representing circulating acid phosphatase of non- 
prostate origin or other proteins that may react non- 
spccifically with goat anti-PAP serum by the ELISA 
procedure, although anti-PAP serum used in the assay 
previously has been shown by immunoprecipitation 
and immunocytochemical techniques to be specific to 
acid phosphatase of prostate origin. 

Single Assay of PA 

The PA assay also was performed in serum speci- 
mens at the time Lhat PAP levels were determined. For 
statistical analysis, an upper cutoff value also was 
calculated from the means + 3 SD of healthy controls, 
which yielded a value of 2.5 ng PA/ml of serum. As 
reported previously, the sensitivity of our ELISA of PA 
was 0.10 ng/ml, and sera of all females, either healthy 
controls or cancer patients, contained PA less than 0.10 
ng/ml (as further demonstrated in the 29 specimens 
assayed in this study). Again, with one exception, male 
patients with cancers other than prostate cancer had 
serum PA values of less than 2.5 ng/ml. Although 41% 
(12/29) of the BPH patients exhibited elevated serum 
PA levels, more prostate cancer patients [67% (8/12) 
with stage A cancer, 69% (25/36) with stage B, 79% 
(22/28) with stage C, and 83% (96/116) with stage D] 
demonstrated an elevated PA with a higher mean value 



Table 1. —Serum PAP level by ELISA in various diseases 



Serum PAP, ng/ml 



Groups 



No. of 
persons 



Male 



Female 



amined 


No. of 
males 


Range 


Mean 
±SD 


>15.5 
(%) 


No. of 
females 


Range 


Mean 
1 SD 


37 


27 


< 1.0-13 


4.413.7 


0 


10 


< 1.0-2.4 


1.310.6 


49 


30 


<1.0-12 


4.2±3.2 


0 


19 


< 1.0-3.6 


1.410.7 


15 


10 


1.0-12 


4.413.3 


0 


5 


< 1.0-2.3 


1.510.6 


5 








5 


<1.0-2.2 


1.310.5 


14 


10 


1.0-11 


4.012.8 


0 


4 


<1.0-3.6 


1.511.2 


15 


10 


<1.0-9.9 


4.313.4 


0 


5 


< 1.0-2.2 


1.410.5 


29 


29 


<1.0-18 


6.014.8 


2(7) 








12 


12 


5.3-48 


15.5110.9 


4(33) 








36 


36 


5.0-55 


15.919.4 


15 (42) 








28 


28 


8.4-110 


26.0121.4 


18 (64) 








116 


116 


4.7-480 


66.3186.1 


85 (73) 









Healthy subjects 
Patients with cancers other than 
prostate cancer" 

Lung cancer 

Breast cancer 

Pancreatic cancer 

Colorectal cancer 
Patients with BPH 
Patients with prostate cancers of 

Stage A 

Stage B 

Stage C 

Stage D 



a All with metastatic cancer. , , . „ . . ■ . 

b All with disease present. Most patients with stages A, B, and C cancers had not yet been treated. All patients with stage D cancer 
were refractory to hormone or radiation therapy and had not yet received chemotherapy. 
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Tlxt-fioUre 2. — Scrum PAP levels in healthy male .controls {Normal 
Male), male patients with cancers other than prostate cancer 
(Non-pr. Cancer), patients with BPH, and patients with prostate 
cancers of various stages. Broken horizontal line shows a PAP 
level of 15.5 ng/ml. the upper limit of the normal range (mean + 3 
SD). 



(text-fig. 3). In comparison to the PAP assay, the PA 
assay registered positive values more often in the BPH 
patients. 

Multiple Assays of PA and PAP 

Among 22 healthy male controls, 29 BPH patients, 
192 prostate cancer patients, and 30 males with other 
cancers, assays of boLh PA and PAP were performed 
simultaneously. The elevation of either PA or PAP 
levels was then determined. Overall, 64 and 79% of 192 
patients with prostate cancers had elevated PAP and 
PA levels, respectively. As already noted, an elevated PA 
also was shown in a higher percentage of the patient 
population. It was found in 67% of the patients with 
stage A prostate cancer, 69% with stage B, 79% with 
stage C, 83% with stage D, and in 41% of the pa- 
tients with BPH. In comparison with the elevations 
in PA levels, the levels of PAP were elevated in 34, 41, 
64, and 74% of the patients with stages A, B, C, and D 
prostate cancers, respectively, and in 7% of the patients 
with BPH. For both assays, 83% of the patients with 
stage A cancer to 94% of the patients with stage D were 
shown to have elevated PA and/or PAP values, al- 
though 48% of the patients with BPH also registered as 
positive in either PA or PAP assay. 



In practice, for multiple marker study using PA and 
PAP, one may increase the upper cutoff point of PA to 
a value of the mean + 2 SD, i.e., 7.5 ng/ml, calculated 
from BPH patients. In this manner, the sensitivity of 
the PA assay was decreased, but the specificity was 
increased inasmuch as the false positives presented by 
BPH were almost eliminated. With this adjustment, 
table 2 shows a very promising result for simultaneous 
determinations of PA and PAP in prostate cancer. 
When both assays were combined, only 10% of the 
BPH patients were positive in the test. Also, 153 (79%) 
of 192 prostate cancer patients were positive for either 
PA or PAP, ranging from 58% for patients with stages 
A and B each, to 68% for patients with stage C, to 92% 
for patients with stage D; a significant number (53) of 
the patients were positive with both assays. Further- 
more, patients with other cancers or healthy controls 
registered no positive assay. Therefore, these results as 
derived from two prostate tissue antigens that were 
measured simultaneously clearly demonstrated an addi- 
tive value. 

DISCUSSION 

Data obtained from simultaneous assays of two 
prostate-specific markers, PA and PAP, have been 
presented. Serum PA is quantitated by an established 
solid-phase sandwich-type (Sepharose 4B-anti-PA:PA: 
anii-PA-HRP) ELISA (13), whereas PAP is measured 
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Text- figure 3. — Serum PA levels in healthy male controls, male 
pnrirnts with cancers other than prostate cancer (Non-Pr. Cancer), 
patients with BPH, and patients with prostate cancers of various 
stages. Broken horizontal line indicates a PA level of 2.5 ng/ml, 
the upper limit of the normal range {mean + 3 SD). 
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Table 2. — Simultaneous asmy of serum PA and PAP 



Groups 



No. of 
persons 
examined 



Assay results" 



PAP (-) and 
PA (-) 


PAP (-) and 
PA (+) 


PAP(+) and 
PA (-) 


PAP <+> and 
PA(+> 


22 (100) 
30 (100) 


0(0) 
0(0) 


0(0) 
0(0) 


0(0) 
0(0) 


26 (90) 
39(20) 

5(42) 
15 (42) 

9(32) 
10(8) 


1(3) 
31 (16) 
3(25) 
6(17) 
1(4) 
21 (18) 


2(7) 
56 (29) 

4(33) 
11 (31) 

9(32) 
32 (28) 


0(0) 
66 (34) 
0(0) 
4(11) 
9(32) 
53 (46) 



Healthy males 22 

Patients with cancers other than 30 

prostate cancers 

BPH patients 29 

Patients with prostate cancers of* 192 

Stage A , 12 

Stage B 36 

Stage C 28 

Stage D 116 



0 Reaults are expressed as No. of individuals in each category (%). PAP, <15.5 ng/ml (-) or >15.5 ng/ml {+); 15.5=mean + 3 SD of 

normal values. PA, <7.5 ng/ml (-) or >7.5 ng/ml (+); 7.5= mean + 2 SD of BPH values. 
b All with metastatic cancer. . ... „ r\ 

f All with disease present Most patients with stages A, B, and C cancers had not yet been treated. All patients with stage D cancer 

were refractory to hormone or radiation therapy and had not yet received chemotherapy. 



by a newly reported, tube-supported, sandwich -type 
(tube-anti-PAP:PAP:anti-PAP-HRP) ELISA. The 
ELTSA of PAP detects an antigenic protein of the 
enzyme, unlike our several other immunochemical 
procedures, such as coumerimmunoelectrophoresis (3, 
8), fluorescent immunoassay (4) t immunoadsorbent as- 
say (6), and the double-antibody immunoenzyme assay 
of Choe et al. (5), which detect both antigenic sites and 
the hydrolytic activity of the enzyme. In this ELISA of 
PAP, the HRP activity of the final conjugate, tube- 
anti-PAP:PAP:anti-PAP-HRP, is measured and serves 
as an index for quantitation of PAP. This assay detects 
more elevated serum PAP in the early stage of prostate 
cancer than does the counterimmunoelectrophoresis 
technique (3, S) but reveals a similar detection rate as 
the fluorescent immunoassay (4) or the immunoad- 
sorbent assay (6). 

Both PA and PAP are proteins of human prostate- 
specific origin (3, 9). Biochemically, PA is a glyco- 
protein of molecular weight 33,000 with a pi of 6.9, 
whereas PAP is a larger, 100,000, glycoprotein with 
multiple pi ranging from 4.2 to 5.5 (3 y 9, 16). Im- 
munologically, PA and PAP are two distinct antigen 
moieties; i.e., antisera possess specific reactivity against 
their respective antigens and demonstrate no cross- 
reactivity with each other (12). PA is not a subunit or a 
related peptide of PAP, because both proteins exhibit 
different amino acid compositions and peptide map- 
ping (17). As text-figure 4 shows, different levels of PA 
and PAP are expressed by patients with prostate 
cancer; i.e., in some patients PAP levels are in the 
normal range, while PA levels are elevated. Further, 
although not prostate tumor-specific, PA and PAP 
have been shown to be promising markers in the 
detection of prostate cancer; they may reflect different 
aspects of neoplastic transformation in prostate cancer. 
These observations are the rationale for this study. 

In evaluating the possible role of serum PA and PAP 
assays in the immunodiagnosis of prostate cancer, we 
have used the conventional mean + 3 SD of male 
controls as the upper normal limits for serum PA and 



PAP values. Under these criteria, each assay alone 
detected an elevation of PAP and PA in 64 and 79% of 
prostate cancer patients, respectively. None of the 
healthy males and 7% of the BPH patients had an 
elevated PAP, whereas 9% of the healthy males, 3% of 
the patients with cancers other than prostate cancer, 
and 41% of the BPH patients demonstrated an elevated 
PA value. In the combination test, these individuals 
also registered positive assay values. However, in pros- 
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Text-figure 4. — Simultaneous assays of serum PA and PAP in 192 
randomly selected prostate cancer patients. Two broken lines 
indicate the upper normal limits or serum PA and PAP. A, stage A; 
O, stage B; A, stage C; stage D, y, PA; x, PAP. r = correlation 
coefficient; n- number. 
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;. tare cancer, j combination of these two assays increased 

.K the positive detection rate of PA and/or PAP to 83% for 

;: the patients with stage A prostate cancer. 89% for the 

patients with stages B and C, and 94% for the patients 
with stage D. The PA assay alone and the PAP assay 
alone gave respective rates of 57, 69, 79, and 80% and 
33, 42, 64, and 73% for patients with stages A, B, C, 
jjj and D prostate cancers. An elevated PA level still was 

detected in 41% of the BPH patients as indicated. 
|j As already indicated, one advantage of a combination 

| test with the use of prostate-specific markers is the 

% increase in the sensitivity of detection of an elevation 

|j of either marker in prostate cancer. It is of concern that 

% 41% of the BPH patients exhibited an elevated PA. 

|| Another obvious advantage in the use of a combination 

|; test is that adjustment can be made of various cutoff 

| points for each marker assay and comparisons can be 

| done of the sensitivity and specificity of the combined 

I test. In this study, the cutoff of PA is calculated as the 

I level of the mean + 2 SD for BPH, 7.5 ng/ml, and used 

| for analysis of combined PA and PAP assays. Compari- 

f son of the sensitivity and specificity of the combination 

|| test results in an impressive figure, as shown in table 2; 

|: 58% each of the patients with stages A and B prostate 

cancers, 68% of the patients with stage C, and 92% of 
|j the patients with stage D prostate cancers (overall, 80%) 

| and only 10% of the patients with BPH demonstrated 

% positive PA and/or PAP levels. In addition, no healthy 

§ control or patients with cancers other than prostate 

$! cancer exhibited positive levels of PA and/or PAP 

Lp under this set of parameters, i.e., when cutoff points of 

fj means + 3 SD in PAP from healthy males and means 

|! f 2 SD in PA from BPH patients are combined. 

*j At present, the possible use of the serum PAP assay, 

;| specifically by the radioimmunoassay technique, has 

]i! generated much debate, entailing such considerations 

| as specificity, sensitivity, and predictive value for screen- 

| ing of prostate cancer {18-20). We cannot address or 

Bi speculate on these complex and critical questions with 

|;j data available from this report. However, our results 

t clearly show that the measurements of PAP and PA 

§ together have an additive effect on the diagnosis of 

if prostate cancer. What usefulness this fact will be 

;| clinically requires more data, particularly those derived 

r| from patients with early prostate cancer whose cancers 

:C are staged surgically. Probably, the most important 

g clinical application of the PAP and/or PA immuno- 

•xj chemical assay at its present stage of development is for 

Ijj the monitoring of prostate cancer (21 , 22), 

|| In conclusion, a multiple marker assay in prostate 

cancer has been evaluated with the use of PA and PAP. 
j| PA and PAP are two biochemically and immuno- 

jiii logically distinct proteins of human prostate tissue. 

|;j Although not tumor-specific, PA and PAP are tissue- 

specific markers and therefore were used in our study. 
;| Results from serum assay revealed a discordance be- 

ll tween the PA and PAP values, which thus suggested 

ij that the expressions of these two markers reflect dif- 

ferent aspects of the biology of prostate cancer. Com- 
bination tests with different and selected values of PA 



and PAP levels produced very encouraging results. 
This study demonstrates that a combination test of 
tissue-specific markers can result in additive clinical 
value in the immunodiagnosis of cancer and should be 
a logical avenue for serious consideration at this time 
in light of the absence of human tumor-specific ? 
markers. 
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